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Preface 


Given the finite nature of the human lifespan, it is possible to argue that an 
individual man’s most precious and lasting gift to the world is the legacy created 
by his offspring. It is no wonder, then, that the purely reproductive function of 
fertility has become inextricably tied to the human male’s impression of his own 
masculinity. The fact of being childless is often an extremely emotional issue for 
patients and their families, and ameliorating such a cause is certainly worthy of 
our efforts. Each day, great strides are made in the ever-evolving body of knowl- 
edge that comprises the whole science and practice of medicine, allowing men to 
live longer, healthier lives; thus, retaining sexual and reproductive health even 
well into their later years has taken on increased importance for many men, and, 
consequently, for the physicians who treat them. 

Yet, with the benefit of increased longevity, there must simultaneously exist 
an increased likelihood that the male reproductive tract will be subjected to 
greater levels of stress resulting from longer exposure to harmful environmental 
agents, poor lifestyle choices, and new diseases and infections. Additionally, the 
therapeutic drugs and regimens prescribed for these conditions frequently dimin- 
ish sexual and reproductive capacities to an even greater degree. For example, a 
male patient who survives cancer and its treatment often falls victim to sexual, 
reproductive, and interpersonal difficulties that may further compromise his 
quality of life. 

Due to the wide range of impairments that may impact a man’s reproductive 
health throughout his lifespan, by necessity, the field of reproductive medicine is 
a multidisciplinary specialty comprised of andrology, endocrinology, urology, 
gynecology, radiology, psychology, and sociology. The vast array of data and the 
complexity of new technologies constantly being produced in so many different 
areas are often bewildering. Therefore, the chief goal in creating this first edition 
of Male Reproductive Dysfunction: Pathophysiology and Treatment has been to assimi- 
late the most pertinent and important scientific knowledge gained from the 
complementary expertise of more than 70 individual leaders in all related disci- 
plines into a single, comprehensive source, and to present this information from a 
clinical viewpoint, not only for the benefit of those actively involved in managing 
male patients with reproductive disorders, but also for the considerable numbers 
of physicians and healthcare providers who are likely to encounter and care for 
such men, regardless of etiology or precipitating factors. We hope to educate 
our readers with both the science behind these complex disorders and to equip 
them with practical tools for the effective and rational management of these 
conditions. 

Based on the most recent data available, Male Reproductive Dysfunction: 
Pathophysiology and Treatment presents historical, psychosocial, behavioral, medical, 
and surgical perspectives in an unparalleled 43-chapter guide to the assessment 
and treatment of the male patient with reproductive dysfunction. Logically divided 
into five parts, the book begins with an extensive review of the normal anatomy 
and physiology of the male reproductive system, including a chapter on the effect 
of aging on testosterone production. Building on this foundation, the second part 
details the many etiologies, mechanisms, and clinical manifestations of male 
reproductive disorders. Both common and rare conditions of male reproductive 
dysfunction are covered, from genetic defects and childhood developmental abnor- 
malities to other causes of hypogonadism, including the adverse effects of 
substance abuse, malnutrition, environmental toxins, and the iatrogenic effects 
of cancer treatments and other pharmacotherapies on the hypothalamic-pitui- 
tary-testicular axis. Also highlighted are problems that occur later in life, such as 
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the complications of systemic diseases, obstructive and mass lesions of the 
reproductive tract, and sperm allergy. 

With this information well in hand, the third part invaluably outlines 
strategies for the complete assessment of the hypogonadal and/or infertile male 
patient, from obtaining the initial history and physical exam, to ordering blood- 
work and semen analyses, to interpreting advanced imaging studies and per- 
forming testicular biopsies. The multitude of illustrations, images, algorithms, and 
tables elucidate these complex topics even more clearly. Of special note are the 
chapters dedicated to the evaluation of immunological factors that may be contrib- 
uting to infertility and the effective use of imaging technology in the diagnosis of 
male reproductive tract pathology. 

The fourth part then provides extensive guidelines for the treatment of male 
reproductive dysfunction depending on the individual pathology, including spe- 
cialized situations such as patients who are cancer survivors or have spinal cord or 
other neurological injury. The details of various surgical sperm retrieval methods 
as well as assisted reproduction techniques (ART) are described step-by-step. 
Several chapters feature additional information that is unique to this book, such as 
the latest progress in male contraception, micromanipulation procedures for the 
treatment of the subfertile male, the psychological effects of infertility and its 
treatment, and the management of immunological factors in male infertility. 

The final, fifth part is devoted to a full discussion of the mass lesions of the 
male reproductive tract, including testicular, penile, prostate, and male breast 
cancers. The problems of prostate hyperplasia, prostatitis, and gynecomastia are 
also addressed. 

Most importantly, each chapter in this volume considers the future aims of its 
particular topic, opening the doorway for continued thought and discussion as 
new research is added to the current armamentarium. It is hoped that this book 
will become an essential, self-contained desk reference for both new and seasoned 
clinicians involved in the care of male patients with all forms of reproductive 
dysfunction, and that by enriching the current body of knowledge, our work will 
provide the starting point for future generations of medical professionals to learn, 
study, develop, and discover. 


Fouad R. Kandeel 
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Physiology of Male Reproductive Function 


Ron is perhaps the most evolutionarily 
ignificant activity a man can perform in his 
lifetime. It is no wonder, then, that the successful 
achievement of new life from the combined events of 
spermatogenesis, sexual arousal, sexual intercourse, 
and the penetration and fertilization of the female 
ovum is so tightly regulated at every step in the 
process—a feat nothing short of biologically extraordi- 
nary. Yet, because intact reproductive function requires 
the synchronous coordination of myriad anatomical, 
vascular, neurologic, psychologic, endocrine, immu- 
nological, systemic, and even environmental and 
nutritional factors, defects may easily occur in any one 
or more of these individual components, resulting in 
some type of solely male-factor reproductive dys- 
function, as detailed in Part II of this volume. Due to 
breakthroughs in bench research studies and the 
development of state-of-the-art anatomical and func- 
tional imaging techniques, however, much progress 


has been made in the understanding of the physiology 
of male reproductive function, resulting in a greater 
appreciation of the intricate neurohormonal mechanisms 
that govern sexual maturation and spermatogenesis. 
Similar innovations in surgical and microsurgical tech- 
niques have enabled previously infertile men to have 
children, via, e.g., the operative relief of ejaculatory 
duct obstruction (including vasectomy reversal), and 
the ability to harvest healthy sperm for in vitro fertil- 
ization or intracytoplasmic sperm injection. Therefore, 
it is imperative that the reproductive health profes- 
sional remains abreast of the ever-evolving data in this 
exciting field. The chapters in Part I of this volume 
carefully describe the most up-to-date knowledge 
regarding the physiology of male reproductive health 
at all stages of the life cycle in the hopes of providing 
a thorough scientific and psychosocial understanding 
for any clinician involved in the care of the infertile 
male patient. 


Section I: History 
1 


Male Reproduction: Evolving Concepts of Procreation 


and Infertility Through the Ages 


Jeannette Hacker 


Department of Diabetes, Endocrinology and Metabolism, City of Hope National Medical Center, Duarte, California, U.S.A. 


Fouad R. Kandeel 


Department of Diabetes, Endocrinology and Metabolism, City of Hope National Medical Center, Duarte, California and 
David Geffen School of Medicine, University of California, Los Angeles, California, U.S.A. 


O INTRODUCTION 


Human perspectives on reproductive function seem to 
have evolved along with an increased capacity for 
learning and the ability to reason. As brain function 
and thought processes began to advance, so too did 
our ancestors’ understanding of their roles in repro- 
duction, albeit with some interesting misnomers along 
the way. A detailed review of evolving concepts of 
human reproduction through the ages would require 
the dedication of an entire text and is beyond the scope 
of the current volume. Therefore, this chapter seeks to 
provide a synopsis of milestones that have shaped 
mankind’s understanding of procreation and inferti- 
lity and inevitably influenced the practice of modern 
reproductive medicine (Table 1). 


O EVOLVING CONCEPTS OF HUMAN 
REPRODUCTION 


Early humans likely perceived childbirth as a sponta- 
neous process. From the beginning, the female role in 
reproductive events was highly regarded, probably 
due to the obvious physical growth witnessed during 
gestation and the nature of the birth process itself. 
Therefore, the worship of “Mother Earth” and other 
personified female objects was predominant in ancient 
cultures. Originally, many cultures believed that the 
earth was born from the female sea. Some cultures 
thought that the sun itself fathered human children, 
because it was observed that the warm rays of the sun 
could make things grow. Others surmised that the 
moon, or a male personification of it, impregnated a 
woman (1). 

Sexual interaction with a man was eventually 
recognized as being essential for the “magical” feat of 
procreation, and the male role in reproduction was 
given precedence over the female one. For more than 
1000 years, common belief held that the male seed car- 
ried the power of new life, and women were thought 


to serve only as a nesting ground within which this 
new life could be nurtured; this may be due to the fact 
that the man’s contribution to the reproductive process 
(the emission of semen) could be tangibly perceived, 
whereas the woman’s contribution of the egg could 
not. The only visible physical sign of the woman’s con- 
tribution was the monthly flow of menstrual blood, 
which came to be interpreted as another indicator of 
her purely nutritive function in pregnancy. Metaphors 
such as the “seed” and “soil” were symbols commonly 
used to represent male semen and the female womb. 
Intercourse was sometimes poetically described as 
“cultivating the soil.” 


Greco-Roman Philosophy 


Western concepts of human reproduction were largely 
shaped by theories presented by the prominent Greek 
philosophers/physicians Aristotle, Hippocrates, and 
Galen from the fifth century B.C. through the first cen- 
tury A.D. In addition to their many other contributions 
to philosophy and medicine, these men individually 
strove to answer more complex questions about how 
human life began. 

The first of the three philosophers, Aristotle (384— 
322 B.C.), promoted what has been referred to as the 
“one-seed theory” of conception. As in previous male- 
dominated preconceptions of procreation, Aristotle 
thought male seed (semen) was responsible for the 
generation of new life, while women provided merely 
the matter (menstrual blood) that nourished the seed 
once it was implanted in the womb through sexual 
intercourse. Because women only donate nutrient 
matter, Aristotle held that women were able to con- 
ceive in the absence of orgasm, and thus concluded 
that their role was less significant. He likened the 
reproductive process to that of curdling cheese, com- 
paring the menstrual blood to inert milk and active 
semen to the rennin that activates it (2). 

The Greek physician Hippocrates (460-377 B.c.), 
the “Father of Medicine,” was one of the first Western 
philosophers to recognize the contributions of both 
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Table 1 Historical Milestones Toward Understanding Human 
Reproduction 


Pre-history Concept of spontaneous birth prevails. Ancient 
humans likely believed that women were 
impregnated by forces of nature, such as the 
sun or moon. 

Aristotle theorizes that the male seed is the source 
of new life, while females provide only nutrient 
matter. 

Hippocrates, “Father of Medicine,” argues that 
similar reproductive fluids are secreted by both 
sexes and that new life is created through 
mixture of these fluids during the intensity of 
sexual pleasure. He uses this to explain the 
common observation that a child could resemble 
both his/her father and mother. 

Based on his anatomical studies, Galen combines 
the concepts of Aristotle and Hippocrates to 
promote “two-seed” theory, which dominates 
Western thought for the next 1500 years. 

1672 Marcello Malpighi concludes that the female egg is 
the source of life based on his studies of 
embryologic development in chicken eggs. 

1672 Renier de Graaf discovers what he believes are 
eggs in the rabbit ovary, structures that are later 
identified as Graafian follicles, or the fluid-filled 
vesicles in the mammalian ovary that contain a 
maturing egg. 

1677 Antoni van Leeuwenhoek, the “Father of 
“Microbiology,” discovers spermatozoa using a 
rudimentary microscope of his own creation. 


500 B.c. 


400 B.C. 


200 A.D. 


~1780 Dr. John Hunter reports first successful human 
artificial insemination. 

1827 Karl Ernst von Baer first identifies mammalian 
ovum in dissected female dog. 

1861 Karl Gegenbaur discovers that the vertebrate 
ovum is unicellular. 

1875 Oscar Hertwig discovers fertilization involves the 
combination of the nuclei from male and female 
gametes. 

1877 Hermann Fol observes entry of sperm into the egg 


of a sea urchin, finally demonstrating how 
pregnancy occurs. 


1891 H. Henking describes accessory chromosomes 
and their role in sex determination. 
1900 Three European scientists re-examine observa- 


tions on plant hybridization published by Gregor 
Mendel between 1856-1866 to develop the 
Mendelian theory of inheritance, which later 
evolved into what is now known as classical 
genetics. 

1960 Landrum Shettles publishes photographic atlas of 
the human egg, which included the first images 
of human fertilization in process. 


sexes in conception (2,3). He argued that the intensity 
of pleasure involved in the sexual act resulted in the 
distillation of seminal fluids derived from all parts of 
the partners’ bodies. Unlike Aristotle, Hippocrates 
thought that the two reproductive fluids were similar 
in nature and that the production of new life was 
achieved by mixing them. As a result, traits in the 
child could be inherited from each parent, a fact that 
troubled Aristotelian theory. For conception to occur, 
Hippocrates believed that both sexes must experience 
orgasm for the male and female fluids to mix properly. 


Another famous Greek physician, Galen (129-200 
A.D.), who practiced extensively in Rome, introduced 
the concept of experimentation to medicine and used 
vivisection of animals to develop his ideas on func- 
tional anatomy (4). Galen integrated and built upon 
the ideas of Aristotle and Hippocrates to formulate his 
“two-seed theory” of human reproduction (2,5). In 
tune with Hippocrates, Galen believed that both sexes 
were equally responsible for conception and that 
orgasm was necessary in both partners for conception 
to occur. He argued that the female seed moved much 
like the male’s, and adduced that a woman who had 
her ovaries removed could not bear children as proof 
that a woman served as more than a mere nest in 
procreation. Through his studies of dissected apes, 
Galen also noted similarities in male and female repro- 
ductive structures and labeled the penis as homologous 
to the clitoris and the testicles as homologous to the 
horns of the uterus (ovaries). (See Chapter 2, Fig. 1.) 
Although Galen acknowledged the contributions of 
both sexes in the reproductive process, he continued to 
believe that the male seed was superior, possessing 
unique spiritual qualities that the female seed lacked. 
Galen’s two-seed theory dominated Western thought 
for the next 1500 years. 


Preformation 


Although Galen’s theory on human reproduction was 
generally accepted, the details regarding how human 
conception occurred remained elusive and a source of 
intense debate. In line with Galen, some believed that 
new life was created de novo upon combination of the 
male and female secretions (epigenesists). Others 
believed that new life was preformed and then incu- 
bated into being (preformists). 

The doctrine of preformation took root in the 
late 17th and early 18th centuries as methods of scien- 
tific study advanced. Marcello Malpighi, who investi- 
gated embryological development in chicken eggs, 
came to the conclusion that the female egg was the 
source of life but required the energy of male semen 
to grow (2). The idea that women possessed minia- 
ture, preformed offspring was further promoted in 
England in 1672 by Renier de Graaf, who discovered 
what were later named Graafian follicles, which hold 
the mammalian egg. At this time, the function of 
semen in reproduction was thought to be limited to 
nourishing the egg, shaking the egg free, or exciting 
the egg into life (2). 

The idea that preformed life existed solely in the 
female egg was not long lived. The concept was coun- 
tered in 1677 when Antoni van Leeuwenhoek invented 
the microscope and became the first person to see sper- 
matozoa, which he described as containing completely 
formed miniature beings. These tiny beings were aptly 
named “homunculi” and were later sketched as a min- 
iature man curled up within the spermatozoan head 
(Fig. 1) (6). This furthered the idea that a woman’s role 
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Figure 1 Homunculus (little man). Sper- 
matozoa were first seen by Leeuwenhoek 
in 1677 and were later sketched as tiny 
preformed men by Hartsoeker in 1694. 
Source: From Ref. 6. 


in conception was purely a nutritive one since this 
“proved” that men donated fully developed miniature 
humans. 


Cell Biology and Genetics 


The mammalian egg was first identified by Karl Ernst 
von Baer in 1827 during the dissection of a female dog 
(7). His discovery lent credence to the possibility that 
men and women contributed equally to the develop- 
ment of life. Although largely dismissed at the time, 
von Baer’s discovery of the mammalian ovum set the 
stage for a series of pivotal cellular and genetic discov- 
eries made during the century and a half that followed 
(3). This included confirmation that the egg and later 
the sperm were unicellular; identification of human 
chromosomes and the role of genes in gender assign- 
ment and trait inheritance in the late 19th and early 
20th centuries; and the first photomicrographs of 
fusion between the male sperm and female egg during 
early in vitro fertilization experiments (Table 1) (8). 


Religious Doctrines on Human Reproduction 


Conception is commonly revered as a blessing from 
God. Religious texts provide detailed guidelines regard- 
ing how the faithful should go about properly conceiv- 
ing a child. Due to the prevailing influence religion has 
on cultural practices, it is worthwhile to consider the 
religious teachings and how they have contributed to 
mankind’s understanding of the reproductive process. 


A shared belief among the Judaic, Christian, and 
Islamic faiths is that human life on Earth arrived from 
God’s creation of Adam from dust of the earth, and 
later Eve, from one of Adam’s ribs: “And the rib, which 
the LORD God had taken from man, made he a woman, 
and brought her unto the man. And Adam said, ‘This 
[is] now bone of my bones, and flesh of my flesh: she 
shall be called Woman, because she was taken out of 
Man’” (Bible, King James Version, Gen. 2:22-23). Given 
this perspective, it is easy to understand how human- 
kind held to the concept of man as the source of new 
life for so long. 

Communicated in the sixth century, well before 
the development of modern technological advances 
(i.e., the microscope), the Qur'an offers striking insights 
into the human reproductive process. In The Bible, The 
Qur'an and Science (9), Dr. Maurice Bucaille summarizes 
some notable descriptions of conception in the Qur'an 
from fertilization through childbirth. First, life is said to 
begin as a mixed nutfah (or drop) of fluid (Qur’an 76:2). 
The mixed drop of fluid can be interpreted as the mix- 
ture of the sperm and egg or perhaps as a reference to 
the various components of semen (spermazoa plus 
secretions of the seminal vesicles, prostate gland, and 
bulbourethral glands). The drop is described as devel- 
oping into alaqah (a leech-like structure) (Qur’an 22:5), 
an apt metaphor to describe how the embryo attaches 
to the endometrium of the uterus for blood supply, sim- 
ilar to how a leech derives blood from its host by cling- 
ing to the skin. The alaqah develops into a mudghah 
(chewed lump) (Qur’an 23:14), which seems to serve as 
a possible description of the human embryo during the 
fourth week of gestation, when somites (early fetal 
structures that eventually become the vertebrae) appear. 
These somites have been described as resembling teeth 
marks. “We made out of the chewed lump, bones and 
clothed the bones in flesh” (Qur’an 23:14); “And He 
gave you hearing and sight and feeling and understand- 
ing” (Qur’an 32:9). These Qur’anic excerpts are thought 
to describe the developing fetus, and accurately cite the 
order in which the fetal parts develop, starting with 
bone, muscle, and then the sensing organs of the ear, 
then eyes, and lastly the brain. The fetus is said to be 
made “in the wombs of your mothers in stages, one 
after another, in three veils of darkness,” interpreted by 
some as representing the amniotic membrane, uterine 
wall, and abdominal wall. The fetus is said to rest in the 
womb “for an appointed term” (Qur’an 22:5). Thus, 
religions have also utilized the description of the repro- 
ductive process as evidence for the vulnerability and 
weakness of human beings during fetal development, 
and God’s power over the regulation and permission of 
such developments to take place. 


O FERTILITY AS A SYMBOL OF 
MASCULINITY 


Across most cultures, a man's success in fathering 
children has often been perceived as a benchmark of 
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male potency, strength, virility, and sexual prowess. 
As the “active” sex responsible for planting the life- 
giving seed, the completion of this task (birth of a 
healthy child) serves as a tribute to his success in per- 
forming his manly duties. Typically, the more children 
a man has sired, the more potent he is perceived to be. 
Having a healthy brood of children also serves to vali- 
date the traditional male role as breadwinner for the 
family by showing how effective he is in both creating 
and supporting a large number of offspring. Across 
most cultures throughout history, and still today, sons 
have been valued more highly than daughters for their 
ability to continue the family name and legacy. It was 
commonly believed that stronger sperm led to the 
development of male heirs, while less virile sperm 
resulted in the development of weaker female progeny 
(10). This furthered the preconception that strong, 
powerful men produced sons. Alternatively, the 
inability to sire children brought into question a man’s 
very nature. Links between fertility and a man’s 
sense of self persist in present-day cultures around the 
world (11,12). 

Given that semen was thought to be totally 
responsible for the regeneration of life, it is no wonder 
that it became a substance of prized worth and value. 
Some ancient rites required a daily offering of semen to 
the gods and the vital fluid was provided by masturba- 
tion, which sometimes took place in groups accompa- 
nied by music (1). In other societies, boys ingested 
semen during fellatio rituals to induce male puberty 
(13). In ancient Greece and Rome, semen was consid- 
ered the source of strength and masculinity (14). It was 
thought that excessive sexual activity and emission of 
semen would drain a man of his manliness, power, and 
worth. Excessive ejaculation was also thought to cool a 
man’s hot/dry nature, making him more cool/wet and, 
thus, more feminine. Therefore, precautions were taken 
not to waste the precious substance for fear of losing 
one’s physical, mental, and spiritual stamina. 

Semen was also viewed negatively at times. 
Although semen was recognized and valued for its 
reproductive function, many authors in the medieval 
period thought that abstinent behavior resulted in a 
buildup of excess semen that could diminish health 
and regarded sexual release as a necessary excretory 
function. Sexual abstinence was thought to be 
unhealthy for men and women alike, and as a result, 
masturbation was commonly practiced by both sexes 
during this time period (15). The religious texts contain 
other examples of negative perceptions of semen (1). 
For example, the Bible lays down strict rules regarding 
ejaculation outside of intercourse as being “unclean” 
and requiring those who emitted semen anywhere 
other than the vagina to be isolated and purified (Bible, 
King James Version, Leviticus) (15). 

Likely due to fascination by its ability to grow 
erect and revered as the instrument that delivers the 
male seed, the penis is a frequent symbol of masculin- 
ity found across cultures (16). Around the world, we 


find examples of phallic idolization and worship in the 
form of artwork and reverence for natural wonders 
resembling the penis, such as trees and rocks. Gods of 
fertility were often depicted with exaggerated, erect 
phalluses, such as the Greek god, Priapus, and the 
Egyptian god, Min. 


O INFERTILITY 


Throughout much of history, infertility was commonly 
blamed on the woman and her barren womb. This may 
be due to the fact that whether it contained viable 
sperm or not, semen was seen to be emitted; therefore, 
the inability to conceive a child was blamed on the 
woman's inability to support and nurture the male 
seed. Impotence constituted the only situation under 
which the man could take responsibility for infertility. 
Otherwise, if he was able to penetrate and ejaculate, 
his job was considered done. We have since learned 
that up to 50% of infertility cases are at least partially 
related to a male factor (17). 

As mentioned above, bearing children is consid- 
ered by many to be a blessing from God; therefore, fail- 
ure to procreate could be viewed as a sign of God’s 
disfavor or as punishment for sin. Impotence, infertil- 
ity, and miscarriage were often blamed on witchcraft 
(2,10). Some present-day cultures continue to believe 
that infertility is caused by evil spirits (18). Male and 
female infertility were also sometimes attributed to 
age or imbalances in heat, cold, moisture, and dryness 
(2). Theories such as Galen’s that contended a woman 
must experience orgasm to conceive led to the belief 
that a woman could be rendered barren by lack of 
enjoyment or disgust with the sexual act (2). In the 
1960s, the work of William Masters and Virginia 
Johnson (19,20) served to clarify the distinction between 
the sexual and reproductive functions, thereby open- 
ing the door to the development of a clearer under- 
standing of human reproductive dysfunction. 


O FERTILITY TREATMENTS 


In ancient times, when pregnancy was still considered 
a mystical act of the deities, treatment for infertility 
appears to have focused on worshiping aspects of 
nature thought to be connected to reproduction (i.e., 
sun, moon, and rain) or worshiping animals known to 
be fecund, such as the virile bull and the cat (21). The 
polytheistic faiths produced a host of gods thought to 
enhance fertility. Exploration of literary references to 
“fertility gods” yields documentation of dozens of 
individual deities across cultures that were heralded 
for the ability to promote conception. Fertility gods 
and goddesses were depicted in many forms: as all- 
powerful and life-giving forces, such as the gods that 
ruled over the sun, rain, and the moon; as symbols of 
male virility, such as the Egyptian gods Sobek and 
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Khnum (featured on the cover of this volume); or as 
ultrafeminine, sensual, and often pregnant goddesses 
that ruled over love and pregnancy, such as the Greek 
goddess Aphrodite. 

As mankind realized that they were involved in 
the reproductive process, various strategies were 
employed to try to improve one’s odds of conceiving 
(2). Diet and herbal remedies were used to balance 
excessively hot, cold, dry, or moist natures or as aphro- 
disiacs to entice a sterile man or woman into amorous 
behavior. Eating grapes and other seed-bearing fruits 
and grains were thought to, in turn, increase produc- 
tion of the male seed and improve virility (21). 

The first case of artificial insemination reportedly 
occurred in the late 1700s, when Dr. John Hunter 
instructed a male patient with hypospadias to inject 
his semen into his wife’s vagina with a syringe, which 
succeeded in inducing pregnancy (10). More than 100 
years would pass before the procedure could be reli- 
ably reproduced in livestock and humans. Several 
decades later, in vitro fertilization and other assisted- 
reproduction technologies (ART) were established. It is 
estimated that more than 200,000 children have been 
born using ART (22). While providing happy endings 
to many would-be parents, these new infertility treat- 
ments raise a host of new questions related to their 
psychological, legal, and social impact (23). Thus, the 
field of reproductive medicine continues to evolve and 
remains a topic of philosophic debate. 
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O CONCLUSION 


Throughout the ages, the miracle of human reproduc- 
tion has engaged man’s curiosity and imagination. 
Although procreation was initially attributed to super- 
natural forces, mankind’s growing understanding that 
they were actively involved in the procreation event 
led to increasingly more complex questions about 
conception and eventually inspired the scientific stud- 
ies of human anatomy, physiology, cellular biology, 
embryology, and reproductive medicine. Despite 
scientific and medical advances in our understanding 
of human reproduction, deep-seated beliefs and 
misconceptions continue to color the thoughts and 
feelings of men regarding their role in procreation. 
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O INTRODUCTION 


The complex individual organs that comprise the male 
reproductive system have but a single evolutionary 
goal: to deliver spermatozoa to the female reproduc- 
tive tract (1). Haploid germ cells originate in the testis 
and travel through the epididymis and into the vas 
deferens, eventually reaching the ampulla, where the 
mixing of seminal vesicle secretions occurs. The vas 
deferens then becomes the ejaculatory duct as it winds 
through the prostate to empty into the prostatic ure- 
thra. The germ cells, now additionally mixed with ejac- 
ulatory secretions from the accessory sex glands 
(seminal vesicles, prostate, and bulbourethral gland), 
then exit the body through the penile urethra. The 
entire system is dependent on neuroendocrine regula- 
tion from the pituitary and hypothalamus. Knowledge 
of the anatomy and embryologic origins of each of 
the components of the male reproductive tract is 
important in developing a basic and thorough under- 
standing of the system as a whole. This chapter pro- 
vides a brief overview of the male external and internal 
genital organs, with the intention of providing the 
foundation for the better diagnosis and treatment of 
male reproductive dysfunction. For more information 
on spermatogenesis, the neuroendocrine control of the 
male reproductive system, and the physiology of the 
prostate and epididymis, please refer to other chapters 
contained in Part I of this volume. 


O MALE EXTERNAL GENITAL ORGANS 
The Penis 
Structure 


The penis arises from the genital tubercle (Fig. 1) (2), a 
region just cranial to the cloacal folds in the embryo. 
Under the influence of androgens produced by the 
fetal testis (see below), the cells of the genital tubercle 
proliferate, causing elongation of the tubercle into the 
primitive phallus. The penile urethra is formed from 


the urethral folds as the phallus elongates. In the adult 
penis, the urethra is divided into the membranous 
portion, which extends through the urogenital dia- 
phragm, and the pendulous portion, which courses 
through the penis (Fig. 2). Lateral to the urethra are the 
paired corpora cavernosa, which, when engorged with 
blood, become the main functional components of 
penile erection (4-7). The corpora cavernosa comprise 
the bulk of the penis and consist of two cylinders of 
sponge-like tissue fused distally for approximately 
three-quarters of their length, with a common septum 
in between, separating at the proximal portion of each 
corpus cavernosum (the crus), which is attached to the 
inferior surface of the ischial ramus on the correspond- 
ing side (Figs. 2 and 3) (3). The septum is perforated by 
vessels that allow free passage of blood from one cylin- 
der to the other, permitting the two cavernosal bodies 
to function as a single unit. 

The erectile tissues of the corpora cavernosa are 
surrounded by a dense, nondistensible fascial sheath 
known as the tunica albuginea (Fig. 2). Emissary veins 
that carry the returned blood from the corporeal bodies 
traverse the tunica albuginea. Tensing of the tunica 
albuginea during erection by the expanded corporeal 
tissue compresses the subtunical plexus and emissary 
veins, reducing blood outflow. 

Inferior to the corpora cavernosa lies the corpus 
spongiosum (Figs. 2 and 3), which contains the urethra 
and extends distally to form the majority of the glans 
penis. The penile corporeal tissue is surrounded by 
another dense fascial sheath (Buck’s fascia), which 
anchors the penis to the symphysis pubis, and com- 
presses the circumflex veins during the erectile 
responses, thereby further limiting the venous drain- 
age. Histologically, the tissue of the corpora cavernosa 
consists of bundles of smooth muscle fibers intertwined 
in a collagenous extracellular matrix. Interspersed 
within this parenchyma is a complex network of endo- 
thelial cell-lined sinuses (lacunae), helicine arteries, 
and nerve terminals (Fig. 2) (9). 
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The skin overlying the penis is exceptionally 
mobile and expandable, enabling it to accommodate 
the considerable increase in girth and length that 
occurs during erection (3). This lack of adherence 
makes the penis relatively susceptible to edema. In its 
distal portion, the penile skin extends forward to form 
the prepuce before folding backwards and attaching to 
the corona of the glans penis. 

The pendulous portion of the penis is supported 
and stabilized by the suspensory ligament. Division of 
this structure makes the penis appear longer in its 
flaccid state, but it will not enhance the proportions of 
the organ when erect. 


Figure 1 (See color insert.) Differentiation of fetal penis 
and male gonads. Source: From Ref. 2. 


Vasculature 


The terminal branches of the paired internal pudendal 
arteries (Figs. 4A, 4B) supply the penis with blood. 
Each internal pudendal artery arises from the anterior 
division of the respective internal iliac (hypogastric) 
artery, and arborizes into four branches (10-12): the 
bulbar artery, which supplies the urethral bulb, the pos- 
terior portion of the corpus cavernosum, and the bulbo- 
urethral gland; the urethral (spongiosal) artery, which 
supplies the urethral and the corpus spongiosal tissue; 
the deep penile (corpus cavernosal or profunda) artery, 
which supplies the corpus cavernosum; and finally, 
the deep dorsal artery, which supplies the skin and the 
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VASCULATURE AND INNERVATION 
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Figure 4 (See color insert.) Vasculature and innervation of the male genitalia (A) and male perineum (B). Source: From Ref. 8. 


glans penis. The deep penile artery lies centrally within 
the corpus cavernosum and measures 600 to 1000 um 
in diameter during the flaccid state. The deep penile 
artery gives rise to many perpendicular branches called 
helicine arterioles (150 um in diameter) that supply the 
cavernous sinusoidal space (13). During erection, the 
deep penile artery dilates to twice its diameter. Several 
normal anatomic variations in the arterial supply of 


the penis have been described (14-18), including the 
presence of an accessory internal pudendal artery and 
the presence of bridging, cross-flowing, and collateral 
routing. The penile arteries are interconnected by anas- 
tomoses along their entire course. 

The venous drainage of the penis occurs through 
two major systems, the superficial and the deep (Figs. 2 
and 4A) (4-7,10,19-21). The skin is serviced mainly by 


the superficial system, which gives rise to a single 
superficial dorsal penile vein. This eventually empties 
into the external iliac vein via the external pudendal, 
saphenous, and femoral veins. The deep venous drain- 
age system drains the corpora cavernosa, the corpus 
spongiosum, and the urethra. The distal and middle 
portions of the corpora cavernosa are drained by the 
subtunical plexus and emissary veins. The emissary 
veins enter the circumflex veins at the lateral borders 
of the penis. The circumflex veins empty into a single 
deep dorsal vein that drains into the pudendal plexus 
or periprostatic plexus (Santorini’s plexus), and finally 
into the internal iliac vein. The proximal corpora cav- 
ernosa are drained via the cavernous and crural veins 
into the periprostatic plexus and the internal puden- 
dal veins. The superficial dorsal vein has many collat- 
erals to the deep dorsal penile vein. Urethral veins 
that empty into the internal pudendal vein drain the 
corpus spongiosum and urethra. Direct arteriovenous 
anastomoses also exist. Similarly, the presence of 
communication between the spongiosal and caverno- 
sal vascular compartments of the penis has been 
suggested (3). 


Lymphatic Drainage 


Lymph is drained from the penis by lymphatics that 
pass into the superficial and deep inguinal lymph 
nodes of the femoral triangle (3). In turn, these nodes, 
which may become secondarily involved in patients 
who have carcinoma of the penis, drain into the exter- 
nal and internal iliac lymphatic chains. Conditions 
that obstruct these lymphatic channels, such as meta- 
static prostate cancer, may result in gross penile and 
scrotal edema. 


Innervation 


The penis is innervated by somatic and autonomic 
nerve fibers (Figs. 2, 4A, and 4B) (4,5,7,22-30). The 
somatic innervation supplies the penis with sensory 
fibers and the perineal skeletal muscles with motor 
fibers. The paired dorsal nerve of the penis carries the 
somatosensory afferent inputs for transmission to the 
intermediolateral cell column in the lumbosacral 
spinal cord and subsequently to the brain cortex. The 
right and left dorsal nerves travel in close apposition 
to one another, within 1 cm, directly on the surface of 
the tunica albuginea of the corpus cavernosum, 
beneath the Buck’s fascia. The axons of each nerve are 
arranged in two populations, one traveling to the 
glans and one arborizing over the surface of the penile 
shaft, with some fibers terminating in the urethra (28). 
The nerve terminals in the glans penis are numerous 
and are present as free nerve endings (FNEs) in almost 
every dermal papilla, as well as being scattered 
throughout the deep dermis. The ratio of FNEs to cor- 
puscular receptors in the glans is approximately 10:1. 
Genital end bulbs are also present throughout, but are 
most abundant in the corona and near the frenulum. 
The unique corpuscular receptor of the glans consists 
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of axon terminals that resemble a tangled skein of 
FNEs. The glans is relatively insensitive to tactile and 
mechanical stimuli, but its FNEs can sense deep pres- 
sure and pain (22). In contrast, penile skin is rich in 
fine-touch neuroceptors that carry sensory input from 
the penile shaft. A band of ridged mucosa, located at 
the junction of true penile skin with the smooth inner 
surface of the prepuce, contains more Meissner’s 
corpuscles than does the rest of the smooth preputial 
mucosa, and thus exhibits features of specialized sen- 
sory mucosa. This band constitutes an important com- 
ponent of the overall sensory mechanism of the penis 
(23). Fibers from the urethral innervation appear to 
carry afferent information necessary for sustaining 
reflex bulbocavernosus muscle contractions until 
expulsion of seminal fluid is complete (28). The dorsal 
penile nerves have an undulating course, to accom- 
modate the significant change in penile length during 
erection. Proximally, the dorsal nerves pass through 
the suspensory ligaments, along the inferior pubic 
ramus on the inferior surface of the urogenital dia- 
phragm, joining other sensory fibers from the perineal 
and inferior rectal nerves at the pudendal canal, to 
form the pudendal nerve. Fibers from the somesthetic 
receptors of the glans penis and frenulum (specialized 
genital corpuscles and Pacinian corpuscles) as well as 
those from the penile skin (noncapsulated spray-like 
FNEs) pass through numerous networks on the 
dorsum of the penile shaft to form the right and left 
dorsal nerves (27). Proximally, the dorsal nerves pass 
through the suspensory ligaments to follow their 
respective internal pudendal arteries along the infe- 
rior pubic ramus on the inferior surface of the urogen- 
ital diaphragm. Additional sensory fibers from other 
genital nerves, including the perineal and inferior 
rectal nerves, join in at the pudendal canal to form the 
pudendal nerve. The pudendal nerve fibers enter the 
dorsal roots of the sacral spinal cord segments S2-S4. 
Fibers then ascend into the spinal cord to synapse in 
the corticomedullary junction and the thalamus, and 
then terminate in the contralateral primary sensory 
area deep in the interhemispheric tissue. The somatic 
motor innervation supplies the perineal skeletal mus- 
cles (the bulbocavernosus and ischiocavernosus mus- 
cles that surround the corporeal bodies), the external 
sphincter, and the levator ani muscles. The motor 
fibers originate from the sacral segments 52-S4 and 
exit the spinal cord together with the pudendal nerve 
in the posterior portion of the pudendal canal to form 
the deep perineal nerve, which passes alongside the 
perineal artery (26). Contraction of the perineal skele- 
tal muscles during erection leads to a temporary 
increase in corporeal body pressure to a level above 
the mean systolic pressure, and thus helps to increase 
penile firmness. 

The autonomic innervation of the penis is both 
parasympathetic and sympathetic. The major efferent 
parasympathetic pathway originates in the inter- 
mediolateral aspect of the sacral cord (52-S4), travel- 
ing in the pelvic nerve (Nervi Erigentes) to supply a 
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vasodilating innervation to the corporeal bodies. The 
higher centers for the parasympathetic pathway 
include the cingulate gyrus, the gyrus rectus, the 
medial forebrain bundle, the anterior medial portion 
of the thalamus, the hippocampus, the septum pellu- 
cidum, the paraventricular nucleus, and the mamillo- 
thalamic tracts. Outflow neural messages travel through 
the substantia nigra to the ventrolateral portion of the 
pons and descend to the sacral parasympathetic 
nuclei. After the parasympathetic nerve fibers exit the 
spinal cord, they run in the retroperitoneal space in 
the lateral aspect of the rectum and bladder, then pass 
inferiorly and laterally toward the prostate and uro- 
genital diaphragm. The cavernous nerve enters the 
corporeal body alongside the cavernous artery at 
the crura of the corpora as preganglionic nerve fibers. 
The most likely neurotransmitter at the synaptic end 
of these fibers is acetylcholine. The postganglionic 
nerve fiber segments terminate either on the vascular 
smooth muscle of the corporeal arterioles or on the 
nonvascular smooth muscle of trabecular tissue 
surrounding the corporeal lacunae (26). The sacral 
parasympathetic neurons are chiefly responsible for 
the erectile function and are influenced by a cortical- 
sacral efferent pathway. Penile erection can be 
initiated with a single episode of electrical stimulation 
of the pelvic nerve. Maintenance of erection for an 
extended period of time without significant changes 
in corporeal body blood gases can be achieved with 
repetitive stimulation for 40 to 50 seconds, with a 
minimum latency period between stimuli of 50 sec- 
onds (26). The sympathetic outflow originates in the 
thoracolumbar region of the spinal cord (T11-L2) and 
passes through the inferior mesenteric, hypogastric, 
and pelvic plexuses. The sympathetic innervation of 
the penis mediates the detumescence following orgas- 
mic relief, and in the absence of sexual arousal, it 
maintains the penis in the flaccid state. Evidence sug- 
gests that activation of the postsynaptic alpha-1 and 
alpha-2 adrenergic receptors by norepinephrine and 
epinephrine is involved in the local control of corpus 
cavernosum smooth muscle tone (21,22). Sympathetic 
innervation of the prostate, the seminal vesicles, and 
related structures is the chief neural system involved 
in regulation of ejaculation. Stimulation of the post- 
ganglionic fibers leads to contraction of the ejaculatory 
duct, with a concomitant contraction of the bladder 
neck musculature, resulting in expulsion of the 
seminal fluid and prevention of the seminal fluid from 
retrograde deposition into the bladder. 


The Testes 


The testes are central to the male reproductive system 
(1). These organs generate the haploid germ cell by the 
process of spermatogenesis (see Chapter 5), and are 
also the site of androgen production. 

The testes (Fig. 5) are paired ovoid structures that 
are suspended in the scrotum by the spermatic cord. 
Usually, the left testis hangs more inferiorly than the 
right testis. Each testis is contained within a thick 


fibrous capsule called the tunica albuginea and the thin 
tunica vaginalis visceralis, which also covers the 
epididymis. The parietal layer of the tunica vaginalis, 
adjacent to the internal spermatic fascia, is more exten- 
sive than the visceral layer and extends superiorly for 
a short distance into the distal part of the spermatic 
cord. A posterior invagination of the tunica albuginea, 
called the mediastinum testis, contains entering testic- 
ular vessels and exiting efferent ductules. Each testis is 
attached from its inferior pole to the scrotal sac by the 
gubernaculum testis. The testis itself is divided into 
hundreds of lobules of seminiferous tubules (Figs. 5 
and 6) that converge into the tubuli recti, rete testes, 
and then efferent ductules at the mediastinum. The 
efferent ductules drain into the epididymis, posterior 
to the testis. 

By the fourth week of embryonic life, the Wolffian 
(mesonephric) duct arcs anteriorly to join the ventral 
portion of the cloaca, which subsequently differenti- 
ates into the urogenital sinus. The ureter develops 
concurrently as an outgrowth from the posteromedial 
aspect of the Wolffian duct, 4 to 6 cm cephalad to its 
insertion at the urogenital sinus. The segment of the 
Wolffian duct lying between the urogenital sinus and 
the ureteral bud is called the combined nephric duct in 
the embryonic stage. Along with the downward migra- 
tion of the combined nephric duct to the urogenital 
sinus, both the ureteral bud and the Wolffian ducts 
migrate inferiorly and finally achieve independent 
openings into the urogenital sinus. The combined 
nephric duct is then progressively absorbed into the 
urogenital sinus until, by the seventh week, it forms 
the bladder trigone (31-33). 

From this point onward, the orifices of the Wolffian 
duct and the ureteral bud migrate apart, with the 
ureteral orifice moving upward and laterally and the 
Wolffian duct orifice moving downward and medially. 
As a result, the Wolffian duct—the embryonic equiva- 
lent of the vas deferens (see subsequently)—will cross 
over the ureter. This process of separation and rotation 
is complete by the eighth week of development. By the 
twelfth week, the ureteral orifice and the Wolffian duct 
will have reached their final locations (31-33). 

Induced by the Wolffian ducts during the fifth 
fetal week, the Mullerian ducts migrate caudally and 
fuse in the midline with an outgrowth of the urogenital 
sinus to form the prostatic utricle—which, being the 
male homologue of the female uterus, has no further 
biologic function. The Sertoli cells of the developing 
testes further promote Mullerian duct involution by 
secreting Mullerian regression factor. The only rem- 
nants of the Mullerian duct present in the developing 
male fetus are the prostatic utricle and the appendix of 
the testis (31-33). 

Under the influence of the Y chromosome and 
testis-determining factor, the embryo’s previously 
indifferent gonad will develop proliferating testis 
cords deep within the gland’s medulla at approxi- 
mately six weeks of age. The cords elongate and lose 
contact with the gland surface, progressively getting 
separated from the superficial epithelium by tubular 
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rete testis cords at the hilum and by the fibrous tunica 
albuginea elsewhere. During the second trimester, 
the testis cords invaginate and proliferate into large 
groups of germ cells and Sertoli cells, the latter of 
which manufacture the Mullerian-inhibiting substance 
that suppresses further development of the parameso- 
nephric duct. Meanwhile, the development of the 
mesonephric ducts (the future epididymis and vas def- 
erens) is induced by testosterone, which is produced 
by the interstitial cells of Leydig that line the spaces 
between the testis cords. Dihydrotestosterone similarly 
stimulates growth of the penis, scrotum, and prostate. 
In puberty, the testis cords become canalized to from 
the seminiferous tubules (34). 

The fetal testis is attached to the posterior abdom- 
inal wall by the urogenital mesentery, which is com- 
prised of the caudal genital ligament and the 
gubernaculum. An inferior, extra-abdominal portion 
of the gubernaculum grows toward the developing 
scrotum during the second and third months of gesta- 
tion, and the testes progressively migrate from the 
level of the kidneys toward the inguinal ring. The coe- 
lomic cavity peritoneum evaginates along the course 
of the gubernaculum testis into the scrotum, forming 
the processus vaginalis and the inguinal canal. Around 
the time of birth, the testes will descend through their 
respective inguinal rings, each testis becoming cov- 
ered, in turn, by the tunica vaginalis, internal spermatic 
fascia, cremasteric fascia and muscle, and external 
spermatic fascia as it migrates into the scrotum (Figs. 1 
and 5). The constituents of the spermatic cord are the 
ductus deferens, the testicular artery (supplies testis 
and epididymis), the artery of the ductus deferens 
(arises from inferior vesical artery), the cremasteric 
artery (arises from inferior epigastric artery), the 
pampiniform plexus (a venous network formed by up 
to 12 veins), sympathetic nerve fibers (on arteries, plus 
both sympathetic and parasympathetic fibers on the 
ductus deferens), the genital branch of the genitofemo- 
ral nerve (supplying cremaster muscle), and lymphatic 
vessels (draining the testis and closely associated 
structures into lumbar lymph nodes). 

Because the testis develops abdominally, success- 
ful descent into the scrotum is essential for fertility (1). 
The scrotum is a cutaneous sac consisting of two layers: 
heavily pigmented skin and the closely related dartos 
fascia, a layer of smooth muscle responsible for the 
rugose (wrinkled) appearance of the adult scrotum. 
The scrotum is formed as coelomic epithelium that 
penetrates the abdominal wall and protrudes into the 
genital swelling as the processus vaginalis. An out- 
growth of each layer of the abdominal wall is carried 
with this epithelium, giving rise to the fascial layers of 
the scrotum. The testis then descends behind the pro- 
cessus vaginalis, and the layers of fascia covering the 
testis on each side fuse to form the scrotum with the 
overlying skin of the genital swelling. 

The scrotum is supplied primarily by the testicu- 
lar, deferential, and cremasteric arteries, all of which are 
contained within the spermatic cord. The pampiniform 


plexus serves as the major venous drainage of the scro- 
tum, continuing as the testicular veins; the left testicu- 
lar vein joins the left renal vein, while the right testicular 
vein drains directly into the inferior vena cava (35). 


Normal Penile and Testicular Size 
in Adult Males 


Wessells et al. (36) have reviewed the normative data 
on penile size in the adult human male. The studies 
ranged in sample size from 50 to 2770 subjects, with an 
age range between 17 and 91 years. The average 
unstretched flaccid length ranges from 8.85 to 10.70 cm, 
stretched flaccid length ranges from 12.45 to 16.74 cm, 
and erection length ranges from 12.89 to 15.50 cm. 

Reports on penile volume are limited, and have 
relied either upon the measurement of penile circum- 
ference manually (37-39) or upon penile cross-section 
by ultrasound techniques (36,40,41). In the latter stud- 
ies, the average penile volume ranged from 17.15 to 
43.62 mL in the flaccid state, and from 69.41 to 80.16 mL 
in the erect state (induced by intracorporeal injection 
of vasoactive agents). The average volume increase 
between these two phases of the erectile cycle ranged 
from 27.87 to 56.35 mL. The average mid-shaft circum- 
ference for the flaccid and erect penises was 9.71 and 
12.30 cm, respectively. Average pubic fat-pad depth 
was 2.85 cm, which when added to the average erect 
penis length, rendered the average functional penile 
length 15.74 cm. Stretched flaccid penile length corre- 
lated strongly with the erect length in this series. 
Further, pubic fat-pad was greater in depth in men 
older than 40 years of age. The increase in central 
obesity may contribute to the occasionally reported 
decrease in penile length with age. Differences in meth- 
ods of data gathering (subject self-reporting, single 
versus multiple examiners, single versus repeated 
stretching of the penis prior to measurement) and/or 
differences in populations studied (men with normal 
sexual function versus men with sexual dysfunction, 
different ethnic or age groups) could have contributed 
to some of the differences seen in the average values 
reported in the above studies. There is a loss of tensile 
strength of the tunica as men grow older, but no loss of 
the tunica albuginea itself. 

Based on the available data, Wessells et al. (36) 
considered adult men with penile length of greater 
than 4cm in the unstretched flaccid state or greater 
than 7.5 cm in the stretched flaccid state or the erect 
state to have a normal penile length. No parallel sug- 
gestions were made for penile girth or volume. 

Normally, the testis increases in size from 1 to 
3 mL during the neonatal period of life to 15 to 30 mL 
in adulthood. The germ cells and seminiferous tubules 
represent 90% of the testicular volume while Leydig 
cells contribute to less than 1%. A normal-size adult 
testis has dimensions of 4.1 to 5.2 cm in length and 2.5 
to 3.3 cm in width (42). 

A national probability sample of 1410 American 
men aged 18 to 59 years (National Health and Social 


Life Survey) conducted in 1992 found that 77% of 1284 
U.S.-born men were circumcised, compared with 42% 
of 115 non-U.S.-born men. Caucasians had a higher rate 
of circumcision than African Americans or Hispanics 
(81% vs. 65% or 54%; respectively), and these differ- 
ences remained significant after controlling for con- 
founding variables. Further, circumcision rates varied 
significantly with the level of education attained by the 
person’s mother (62% of men whose mothers did not 
finish high school were circumcised vs. 84-87% for 
others), suggesting that the practice of circumcision is 
directly related to socioeconomic class (43). 


O MALE INTERNAL GENITAL ORGANS 
Epididymis 

The epididymis, vas deferens, and seminal vesicles all 
have their origin in the mesonephric duct (Wolffian 
duct) (1). Initially serving as the early embryonic excre- 
tory system, the mesonephric duct is comprised of the 
longitudinal duct as well as a series of tubules that 
branch from the duct toward the developing gonad. 
Although most will degenerate, several of these tubules 
persist and anastomose with the seminiferous tubules 
(rete testis), forming the efferent ducts (or ductuli 
efferentes) through which spermatozoa exit the testis 
(Figs. 5 and 6). The portion of the mesonephric duct 
closest to the ductuli efferentes elongates, becomes 
extensively convoluted, and forms the epididymis. 
Because it arises from a single duct, the epididymis, 
unlike the testis, consists of a single tubule through 
which all spermatozoa must pass. The epididymis 
remains in close contact with the testis and descends 
with the testis into the scrotum. 

Each epididymis has a thick triangular head, a 
thin elongated body, and a narrow tail. The appendix 
epididymis is a pedunculated structure arising from 
the epididymal head (44,45). 

Testicular spermatozoa are nonmotile and inca- 
pable of fertilization. The function of the epididymis is 
to bring testicular spermatozoa to maturity. (For more 
information on this topic, see Chapter 6.) 


Vas Deferens and Ejaculatory Ducts 


The portion of the mesonephric duct extending from 
the caudal end of the epididymis to the seminal vesicles 
(see below) becomes thickened and muscular, forming 
the vas deferens (or ductus deferens) (Fig. 5) (1). The 
portion of the mesonephric duct that continues distal 
to the seminal vesicle is known as the ejaculatory duct, 
and this section is contained entirely within the pros- 
tate gland (see below). In its course, the vas deferens 
ascends from the scrotum with the vessels that vascu- 
larize the testis and epididymis, through the inguinal 
canal, over the pubic ramus, over the superior lateral 
aspect of the bladder medial to the ureter, and enters 
the superior aspect of the prostate, just distal to the 
seminal vesicle on that side. The primary function of 
the vas deferens and ejaculatory duct is to transport 
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mature spermatozoa and seminal vesicle secretions to 
the prostatic urethra. The arterial supply of the vas 
deferens and ejaculatory ducts is provided by the tiny 
deferential artery (which usually arises from the 
inferior vesical artery). The veins accompany the 
arteries and have corresponding names. Lymphatic 
vessels from the vas deferens and ejaculatory ducts 
drain into the external iliac lymph nodes. The nerves 
of the ejaculatory ducts derive from the inferior hypo- 
gastric plexus. 


Seminal Vesicles 


The mature seminal vesicles reside immediately above 
the prostate gland (Fig. 5). Their arterial supply is 
derived from the inferior vesical and middle rectal 
arteries. The veins accompany the arteries and corre- 
sponding similar names. Lymph is drained into the 
internal iliac lymph nodes. The walls of the seminal 
vesicles also contain a plexus of nerve fibers and some 
sympathetic ganglia. 

The seminal vesicles develop between the fifth 
and sixth weeks of embryonic life as lateral outgrowths 
at the caudal end of each Wolffian duct, migrating to 
lie posterior to the developing bladder and infero- 
lateral to the vas deferens and ureter. Consequently, 
these glands share a common embryologic origin with 
the epididymis and vas deferens. Though initially a 
simple, saccular structure, each seminal vesicle will 
eventually develop complex internal convolutions 
corresponding to the folds of the very active secretory 
epithelium. In fact, the seminal vesicle contributes to 
the majority of the fluid volume of the ejaculate (1). 
Seminal vesicle secretions are rich in fructose and pros- 
taglandins. While fructose may be an important energy 
source for spermatozoa, the role of the prostaglandins 
remains unknown. The seminal vesicle also produces 
several androgen-dependent secretory proteins that 
are involved in the rapid clotting of the ejaculate. 


Prostate 


The prostate (Figs. 5 and 7) is a walnut-sized exocrine 
gland located in the space below the bladder and above 
the urogenital diaphragm. It is separated posteriorly 
from the rectum by the rectovesical (Denonvillier’s) 
fascia. Because it is located immediately anterior to the 
rectum, the prostate can be palpated and biopsied from 
the rectal canal. The prostate is homologous to the 
female Skene’s glands. The prostatic arteries are mainly 
branches of the internal iliac artery, especially the infe- 
rior vesical artery, but also the internal pudendal and 
middle rectal arteries. The prostatic venous plexus, 
located on the sides and base of the prostate between 
the fibrous capsule of the prostate and the prostatic 
sheath, drains into the internal iliac veins. The pros- 
tatic plexus is continuous superiorly with the vesical 
venous plexus and communicates posteriorly with the 
internal vertebral venous plexus. The lymphatic ves- 
sels of the prostate terminate chiefly in the internal iliac 
and sacral lymph nodes. 
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The prostate arises from several distinct sets of 
tubules that evaginate from the primitive posterior 
urethra (1). Each set of tubules develops into a separate 
lobe: the right and left lateral lobes (the largest), the 
middle lobe, and the anterior and posterior lobes (very 
small). The lobes are further comprised of alveoli that 
are lined with a secretory epithelium. These drain 
through a series of converging tubules into the pros- 
tatic urethra. Although the lobes arise independently, 
they are continuous in the adult male, with no appar- 
ent gross or morphologic distinctions. Consequently, a 
more useful subdivision of the prostate has been 
developed that distinguishes prostatic zones based on 
morphologic and functional properties (Fig. 7). The 
peripheral zone is the subcapsular portion of the pos- 
terior aspect of the prostate gland that surrounds the 
distal urethra and comprises up to 70% of the normal 
prostate gland in young men. It is from this portion of 
the gland that more than 70% of prostatic cancers origi- 
nate. The central zone (CZ) constitutes approximately 
25% of the normal prostate gland and surrounds the 
ejaculatory ducts; CZ tumors account for more than 
25% of all prostate cancers. The transition zone (TZ) is 
responsible for 5% of the prostate volume and is very 
rarely associated with carcinoma. The TZ surrounds 
the proximal urethra and is the region of the prostate 
gland that grows throughout life and is generally 
responsible for the occurrence of benign prostatic 
enlargement. (For further information on prostate 
cancer, see Chapter 41.) 

Prostatic secretions contribute up to one-third of 
the fluid volume of the ejaculate (1). These secretions 
are high in zinc, citric acid, and choline. While the 
actual function of these substances has not yet been 
determined, it is postulated that zinc has some anti- 
microbial activity. The prostate also secretes several 
proteins, including acid phosphatase, seminin, plas- 
minogen activator, and prostate-specific antigen. It is 
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Figure 7 (See color insert.) The prostate gland. Source: From 
Ref. 8. 


presumed that these substances are important for the 
function and survival of spermatozoa during and after 
ejaculation, but the details remain unknown. (For 
further information on the physiology of the prostate, 
see Chapter 7.) 


Bulbourethral Glands 


Homologous to the female Bartholin’s glands, the paired 
pea-sized bulbourethral (Cowper’s) glands are com- 
pound tubuloalveolar exocrine glands that lie postero- 
lateral to the intermediate (membranous) part of the 
urethra (Fig. 3). The ducts of the bulbourethral glands 
pass through the inferior fascia of the urethral sphincter 
(perineal membrane) with the urethra and open through 
minute apertures into the proximal part of the spongy 
urethra in the bulb of the penis. Their clear, viscous 
secretion (pre-ejaculate) enters the urethra during sexual 
arousal, and may contain a small number of sperm. 
This fluid aids in lubricating the urethra to facilitate the 
passage of sperm, and may also help to flush out any 
residual urine or other foreign matter. The glands 
appear to diminish in size with advancing age. 


O CONCLUSION 


This brief introduction to the male reproductive tract 
demonstrates the integrated nature of the system. The 
entire unit is maintained by androgens, secreted by the 
testis under hypothalamic and pituitary control. It is 
important to note that many of these structures are 
embryologically distinct; thus, developmental abnor- 
malities will manifest in these organs in different ways. 
Knowledge of the embryology and anatomy of the 
male reproductive tract will enable a better under- 
standing of both the common and _ not-so-common 
disorders encountered in the clinic. 
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O GONADOTROPIN-RELEASING HORMONE 
SYNTHESIS AND SECRETION 


Gonadotropin-releasing hormone (GnRH) is the cen- 
tral regulator of reproduction. GnRH, a C-terminal 
amidated decapeptide (pGlu-His-Trp-Ser-Tyr-Gly-Leu- 
Arg-Pro-Gly-NH2), is found in a small number of neu- 
rons that are located diffusely throughout the anterior 
hypothalamus in primates (1). GnRH neurons send 
axons through subventricular and periventricular 
pathways to terminate in the capillary space within the 
median eminence. GnRH from these axons enters the 
capillaries and is transported in the hypothalamic 
portal blood to the cells of the anterior pituitary. 

The amount of GnRH secreted is influenced by 
many factors. GnRH mRNA levels are determined 
by the rate of transcription of the pro-GnRH gene and 
by the stability (half-life) of GnRH mRNA in the 
cytoplasm. Transcription of the GnRH gene is con- 
trolled by the POU-homeodomain protein, Oct-1, 
adhesion-related kinase, and by retinoid-X receptors, 
among other factors (2). Studies in GT1-7 cells,a GnRH- 
producing murine neuronal cell line, suggest that 
mRNA stability plays an important role in maintaining 
GnRH gene expression. The increased level of GnRH 
mRNA in the hypothalamus of adult male monkeys 
following orchidectomy (3) indicates that the testis 
secretes endocrine hormones that suppress GnRH gene 
expression. Transcription of GnRH mRNA produces a 
pro-GnkH precursor peptide that is processed to the 
mature GnRH decapeptide. Posttranslational process- 
ing may take place either within a cell, at the cell surface, 
or after secretion, and may be physiologically regu- 
lated as well. 

The mean concentration of GnRH in hypothala- 
mic portal blood (in rams) is approximately 20 pg/mL 
(0.02 nM). GnRH, like most hypophysiotropic factors, 
is released into portal blood in bursts. GnRH levels in 
the hypothalamic portal blood in conscious sheep 
ranged from minimum values of lesser than 5 pg/mL 
to pulse peak values of about 30 pg/mL (4). In these 
studies, GnRH pulse amplitudes in intact, castrated, 
and testosterone-treated castrated rams were roughly 
equivalent, whereas GnRH pulse frequency varied. 
The implication of these findings is that GnRH secretion 
rises with testosterone deficiency primarily because 
GnRH pulse frequency is accelerated. 


The GnRH pulse generator is a poorly under- 
stood but highly synchronized firing of neurons in the 
mediobasal hypothalamus. The idea that changes in 
membrane potentials predispose to bursts of GnRH 
release follows from the finding that bursts of electrical 
activity in this region of the brain in the nonhuman 
primate coincide with pulses of luteinizing hormone 
(LH) secretion (5). The coincident firing of multiple 
GnRH-expressing neurons may reflect communication 
by gap junctions, interneurons, or second messengers. 
The findings that GnRH neurons express GnRH recep- 
tors and that adding GnRH to these cultures depresses 
GnRH pulsatile release provides a possible framework 
for intraneuronal communication by GnRH itself (6). 

The release of GnRH is influenced by many neu- 
rotransmitters (Fig. 1), including glutamate, gamma- 
aminobutyric acid (GABA), neuropeptide Y, opiates, 
dopamine, norepinephrine, cyclic adenosine mono- 
phosphate (cAMP), and nitric oxide (7). Receptors on 
GnRH neurons for most of these substances imply that 
they influence GnRH neurons directly. N-methyl 
D-aspartic acid receptors that mediate glutamate 
activation of GnRH may involve the nitric oxide 
signaling pathway. Neurotransmitters with receptors 
not expressed on gonadotrophs may regulate GnRH 
via synaptic connections between GnRH neurons and 
other interneurons. Regulation of GnRH secretion may 
also occur directly on neuronal axon terminals in the 
median eminence. 

Structural variants of GnRH (e.g., GnRH-ID) that 
were initially identified in nonvertebrates have also 
been found in the primate brain and in peripheral 
tissues, including the placenta, gonads, breasts, and 
prostate, where they may have a neuromodulatory 
function. These peptides appear to activate a unique 
GnRH-II receptor (8). 


O GONADOTROPHS AND GnRH RECEPTORS 


Gonadotrophs constitute 6% to 10% of the cells of the 
anterior pituitary (9). Gonadotrophs may be small and 
round or larger and ovoid and are diffcult to identify 
by morphological criteria. Instead, gonadotrophs are 
identified by immunostaining using specific antibodies 
for LH and follicle-stimulating hormone (FSH). From 
studies in rats, nearly all gonadotrophs are bihormonal 
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Figure 1 Diagram showing activation of GnRH neurons by 
neurotransmitters and their relation to the anterior pituitary. 
Abbreviations: CRF, corticotropin-releasing factor; DA, dopamine; 
GABA, gamma-aminobutyric acid; GnRH, gonadotropin-releasing 
hormone; NE, norepinephrine; NO, nitric oxide; NPY, neuropeptide 
Y; POMC, pro-opiomelanocortin; PRL, prolactin; T4, thyroxine; VIP, 
vasoactive intestinal polypeptide. 


(they express both LH-8 and FSH-f subunit genes). 
A small fraction of cells appear to express LH or FSH 
selectively, but the biological significance of this finding 
is not known. Interestingly, some gonadotrophs pro- 
duce growth hormone (GH) as well as the gonado- 
tropic hormones. 

GnRH activates gonadotrophs and thereby stim- 
ulates testosterone production and spermatogenesis 
through both short-term and long-term mechanisms. 
Upon reaching the pituitary, GnRH binds to and 
activates a cell-surface G protein coupled receptor 
(GnRH-R) that is specific for gonadotrophs (10). The 
receptor is a structurally unique member of the seven- 
transmembrane G protein-linked receptor family that 
lacks a long C-terminal intracellular tail typical of most 
GnRH-Rs (Fig. 2). This structure is important in the 
rapid desensitization of other GnRH-Rs, whereas 
downregulation of the GnRH receptor is a delayed 
event. Binding of GnRH to its receptor facilitates bind- 
ing of a G protein to the receptor’s third intracellular 
loop. The bound G protein exchanges GDP for GTP 
and dissociates into its constituent œ and By subunits. 
The a-subunits are unique to each G protein, whereas 
the B- and ysubunits of the different G proteins are 
similar. The dissociated G protein o-subunit activates 
downstream signaling pathways (11). Gqa, the major 
G protein that associates with the GnRH-R, activates 
membrane-associated phospholipase C to hydrolyze 
membrane phosphoinositides and increase intracellu- 
lar inositol phosphates including inositol triphosphate 
(I,,45)P3. IP3 rapidly mobilizes calcium from intracel- 
lular stores, and voltage-gated calcium channels open 
so that extracellular calcium enters the cell (10). The 
increase in intracellular free calcium is primarily 
responsible for the immediate release of LH and FSH 


er> 


a-subunit, LH-B, FSH-B 


Nucleus 


Figure 2 Signaling mechanisms initiated by activation of the GnRH 
receptor that result in gonadotropin synthesis and secretion. 
Abbreviations: Ca, calcium ion; CC, calcium channel; DAG, membrane 
diacylglycerol protein; ER, endoplasmic reticulum; FSH-B, follicle- 
stimulating hormone, ß subunit; Ga, alpha subunit product of G protein; 
GnRH, gonadotropin-releasing hormone; G, G protein subtype that 
is associated with GnRH receptor; IP3, inositol triphosphate; JNK, 
member of the mitogen-activated protein kinases subfamilies; LH-f, 
luteinizing hormone, B subunit; MAPK, member of the mitogen-activated 
protein kinases subfamilies; PIP}, phosphatidylinositol bisphosphate; 
PKC, protein kinase C; PLC, phospholipase C; SRC, family of protein 
tyrosine kinases. 


from the cell (12). GnRH receptors may interact with 
other G proteins as well. 

The long-term stimulatory effects of GnRH are to 
increase transcription of the genes for the gonadotro- 
pin subunits and for the GnRH-R. These effects occur 
primarily because GnRH signaling also liberates mem- 
brane diacylglycerol, which in turn activates protein 
kinase C (PKC). The subsequent phosphorylation of 
subfamilies of mitogen-activated protein (MAP) 
kinases, including members of the ERK and JNK fami- 
lies, initiates nuclear translocation of proteins that bind 
directly to the 5’ regulatory regions of gonadotropin 
subunit and the GnRH-R genes, or serve as cofactors 
for promoter activation (13). Increased intracellular 
calcium may also contribute to the transcriptional 
effects of GnRH (14). 

GnRH receptors are upregulated by pulsatile 
GnRH (15). Thus, when pulsatile GnRH secretion 
increases, as in castration or primary testicular failure, 
GnRH receptors increase, gonadotrophs become more 
responsive to GnRH, and the LH response to GnRH 
stimulation is amplified (16). With continuous GnRH 
treatment, GnRH receptors decline, followed by sup- 
pression of LH-8 and FSH-BmRNAs. This “homologous 
desensitization” of the GnRH-R is regulated by several 
serine-threonine protein kinases [including protein 


kinase A (PKA) and PKC] as well as by G protein cou- 
pled receptor kinases. GnRH receptors also decline 
with GnRH deficiency. 


O THE GONADOTROPIC HORMONES 


LH and FSH are members of the glycoprotein hormone 
family that also includes thyrotroph-stimulating hor- 
mone (TSH) and human chorionic gonadotropin (hCG). 
These heterodimeric hormones are composed of a 
common a-subunit and unique B-subunits. The sub- 
units have oligosaccharide chains that are asparagine 
associated. Each of the subunits is encoded by a unique 
gene that is found on a separate chromosome. The 
human o-subunit gene has been localized to 6p21.1-23, 
LH-B to 19q13.3, and FSH-B to 11p13. 

The production of LH and FSH is directly 
influenced by the levels of the gonadotropin subunit 
mRNAs. This relationship seems especially strong for 
FSH- mRNA and FSH secretion. Each of the gonado- 
tropin subunit mRNAs is increased by GnRH, and 
stimulation by GnRH of the B-subunit genes is prima- 
rily transcriptional. Complexes of transcription factors, 
including SF-1, EGR-1, and SP1, are activators of the 
LHB-subunit gene (17), whereas the AP1 proteins fos/ 
jun are important for the upregulation of FSH-f tran- 
scription by GnRH (18). In order to increase LH-ß and 
FSH-8 mRNA levels, GnRH stimulation must be pul- 
satile. Transcriptional regulatory proteins that control 
o-subunit expression include cAMP response element 
binding protein (CREB), MAP kinase /ERK1, and GATA- 
binding proteins (19). Alpha-subunit gene expression 
is increased robustly both by pulsatile and by continu- 
ous GnRH, and GnRH not only stimulates o-subunit 
transcription, but also prolongs oa-subunit mRNA 
half-life (20). Thus, the requirements for a-subunit 
mRNA upregulation by GnRH are less stringent than 
are those for the B-subunit genes. These factors partly 
explain why a-subunits are synthesized in excess of 
Bsubunits, and why f-subunits are rate limiting for 
gonadotropin synthesis. 

Proteins destined for secretion, such as the 
gonadotropins, are synthesized on ribosomes bound 
to the endoplasmic reticulum (ER). During the transla- 
tional process, preformed oligosaccharide chains are 
linked to the side chain amino group of asparagines on 
the gonadotropin subunits. As translation continues, 
sugar moieties are trimmed, and the subunits change 
configuration allowing for their combination. A region 
of the B-subunit, termed the “seatbelt,” is wrapped 
around the a-subunit loop 2 (21). Dimeric LH and FSH 
are segregated in the ER and transferred to the Golgi 
where they are concentrated in secretory granules. 
These protein-rich vesicles subsequently fuse with the 
plasma membrane following stimulation by GnRH. 
This process is termed “exocytosis.” There is evidence 
that granules containing FSH are also exported directly 
to the plasma membrane independent of GnRH pulsa- 
tile stimulation. This mode of secretion allows for FSH 
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secretion between pulses. Gonadotrophs also secrete 
an uncombined o-subunit both in pulsatile and contin- 
uous modes, but whether the uncombined o-subunit 
has a biological function is not known. 


O PULSATILE GONADOTROPIN SECRETION 


Experiments in ovariectomized rhesus monkeys ren- 
dered gonadotropin deficient with hypothalamic 
lesions first revealed that an intermittent pattern of 
GnRH administration was necessary for normal LH 
secretion (22). In those animals, GnRH administered as 
pulses stimulated LH secretion, but GnRH adminis- 
tered continuously was much less effective. The pulsa- 
tilenature of LHsecretion was subsequently established 
inallspecies studied, including humans (23). Moreover, 
LH secretion is stimulated when GnRH is adminis- 
tered in pulses to gonadotropin-deficient patients, but 
not when GnRH is administered continuously (24). An 
understanding of these physiological mechanisms led 
to the use of pulsatile GnRH to stimulate fertility and 
to the development of long-acting GnRH analogs that 
produce a biochemical orchiectomy as a treatment for 
patients with prostate cancer and other androgen- 
dependent disorders. GnRH analogs with a long circu- 
lating plasma half-life initially stimulate gonadotropin 
secretion, but with continued treatment, gonadotropin 
secretion declines, and testosterone production falls to 
low levels (25). 

With current assays, GnRH is undetectable in the 
peripheral circulation. Therefore, GnRH secretion 
cannot be studied directly in humans. Instead, changes 
in circulating LH levels are used to evaluate the activity 
of the human GnRH pulse generator. LH secretion is 
determined by the frequency, amplitude, and duration 
of the secretory pulses. Presumably because of its longer 
circulating half-life, pulses of FSH are less clearly 
defined in the peripheral blood than are LH pulses; 
FSH pulses are clearly evident in jugular blood in ewes 
where clearance effects are minimized (26). 

As a model, cultured pituitary cells that are 
perifused with pulses of GnRH yield important infor- 
mation on the actions of GnRH and other factors that 
regulate gonadotropin secretion under controlled con- 
ditions (27). Using this experimental approach (Fig. 3), 
episodes of LH as well as FSH secretion are distinct 
and short lived, with a rapid upstroke and abrupt ter- 
mination. LH pulse amplitude is directly proportional 
to the dose of GnRH administered and the median 
duration of an LH pulse of about 25 minutes. 

In contrast to the regularity of LH pulses pro- 
duced by an invariant dose of GnRH in vitro, LH pulses 
in the peripheral circulation in humans are irregular in 
amplitude (Fig. 4), and interpulse intervals vary. LH 
pulses in vivo also have a less rapid upstroke and a 
slower decline from the peak, presumably reflecting 
the dilution of secreted hormone by plasma in the gen- 
eral circulation and the influence of clearance of LH by 
the liver and kidney. Whether LH is released in the 


24 Winters 


pam 
E 
~ 
Do 
[= 
p 
I 
- 


- N QOQ A 


[=] 


10 20 30 40 50 60 
Fraction Number 


Figure 3 Secretion of LH by pituitary cells from adult male primates 
perifused with pulses of GnRH. Pulses of GnRH (2.5 nM) were applied 
to the cells every one hour for two minutes. Fractions of the column 
effluent were collected every 10 minutes, and LH was measured in 
the media by immunoassay. Abbreviations: GnRH, gonadotropin- 
releasing hormone; LH, luteinizing hormone. Source: From Ref. 27. 


basal interval between GnRH-initiated secretory epi- 
sodes has been debated, but this mode of secretion is 
minimal and is probably not biologically important. 
Hormone pulse detection has been standardized 
by the development of computer algorithms (28). With 
this approach, objective assessment of the frequency 
and amplitude characteristics of hormone pulses has 
been possible. Pulses of LH secretion occur throughout 
the day and night in normal adult men. Estimates of 
the frequency of LH (GnRH) pulses in men have varied 
based on the intensity and duration of the blood sam- 
pling protocol, the assay used to measure LH, and the 
algorithm used to identify pulses. Most investigators 
have proposed an average frequency of one LH pulse 
every one to two hours for normal men, but there is a 
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Figure 4 Circulating LH and alpha subunit levels in a normal adult 
man. Blood samples were drawn every 10 minutes for 12 hours 
beginning at 0800 hours and measured for LH using the Nichols 
Allegro LH 2-site assay and a specific double antibody immunoassay 
for the œ-subunit. Abbreviation: LH, luteinizing hormone. 


large amount of variation between individuals (29). 
Because of the variation in pulse amplitude and fre- 
quency, the distinction between true and artifactual 
pulses can be diffcult. One approach is to coanalyze 
LH and uncombined œ-subunit pulses, since the 
o-subunit is released into the circulation by GnRH 
together with LH and FSH (30). According to this logic, 
concordant LH and a-subunit fluctuations presumably 
reflect true GnRH pulsatile signals. There is generally a 
positive relationship between LH pulse amplitude and 
the preceding interpulse interval in part because a 
longer interval allows for the circulating level to decline 
to a lower baseline value. (For further details, see 
Chapter 4.) 

In addition to the pulsatile pattern of LH secre- 
tion, there is a pronounced diurnal variation in circu- 
lating LH and testosterone levels in pubertal boys with 
increased LH levels during sleep, and increased testos- 
terone levels in the early morning hours (31). While 
there is also a diurnal variation in plasma testosterone 
in adults, there is no clear diurnal rhythm for LH in 
most adult men (32), implying that the diurnal variation 
in testosterone levels in men is only partly LH con- 
trolled. The diurnal testosterone variation in men is 
disrupted by fragmented sleep (33), but the mecha- 
nism for this alteration has not been established. The 
diurnal variation in testosterone is blunted in older 
men (34) and in young men with testicular failure (35). 


O LUTEINIZING HORMONE CONTROL OF 
TESTOSTERONE SYNTHESIS 


Testosterone, a C19 3-keto, 17B-hydroxy A4 steroid, 
is synthesized from cholesterol through a series of 
cytochrome P450- and dehydrogenase-dependent 
enzymatic reactions (Fig. 5) (36). The conversion of 
cholesterol to pregnenolone occurs within mitochon- 
dria and is catalyzed by P450scc, the cytochrome P450 
side chain cleavage enzyme. P450scc catalyzes sequen- 
tial hydroxylations of the cholesterol side chain at C22 
and at C20 and subsequently cleaves the C20-22 bond 
to produce pregnenolone. 

Pregnenolone exits the mitochondria and can be 
converted to testosterone by two alternative routes 
referred to as the A4-pathway or the A5-pathway, based 
on whether the steroid intermediates are 3-keto, A4 
steroids (A4) or 3-hydroxy, A5 steroids (A5). 

Classical experiments in which human testicular 
microsomes were incubated with radiolabeled steroids 
revealed that the A5-pathway predominates in the 
human testis. In that pathway, C17 hydroxylation of 
pregnenolone to form 17a-hydroxypregnenolone is 
followed by cleavage of the C17 to C20 bond of 17a- 
hydroxypregnenolone to produce dehydroepiandros- 
terone (DHEA). Both reactions are catalyzed by one 
enzyme, cytochrome P450 17a-hydroxylase/C17,20 
lyase (P450c17). Oxidation of the 3B-hydroxy group 
and isomerization of the C5 to C6 double bond of 
DHEA by 3f-hydroxysteroid dehydrogenase /A5-A4 
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isomerase (3BHSD) forms androstenedione. The C17 
keto group of androstenedione is oxidized toa hydroxyl 
group by 178 HSD-producing testosterone. 

In the A4-pathway that predominates in rodents, 
pregnenolone is metabolized to progesterone by 
3BHSD. Progesterone is hydroxylated at C17 to pro- 
duce 170-hydroxyprogesterone, followed by cleavage 
of the C17 to C20 bond of 170-hydroxyprogesterone to 
produce androstenedione. Cytochrome P450c17 cata- 
lyzes both reactions. Finally, the C17 keto group of 
androstenedione is oxidized to a hydroxyl group by 
176 HSD to produce testosterone. 

LH stimulates testosterone biosynthesis in Leydig 
cells through a G protein—associated seven-transmem- 
brane receptor (37). LH binding initiates a signaling 
cascade by activating G proteins that stimulate adenyl- 
ate cyclase activity in order to increase intracellular 
cAMP levels and activate cAMP-dependent PKA. 
cAMP-dependent PKA regulates testosterone synthe- 
sis in two ways. The acute response, which occurs 
within minutes of hormonal stimulation, is an increase 
in cholesterol transport into the mitochondria and is 
regulated by the steroidogenic acute regulatory (StAR) 
protein (38). StAR appears to function at the mitochon- 
drial outer membrane, but the mechanism of action for 
its cholesterol transport is not yet known. The chronic 
response to LH, which requires several hours, involves 
transcriptional activation of the genes encoding the 
steroidogenic enzymes of the testosterone biosynthetic 
pathway, P450scc, P450c17, 3BHSD, and 17BHSD. 

Other factors that stimulate testosterone synthesis 
directly include prolactin (PRL), GH, triiodothyronine 
(T3), pituitary adenylate cyclase-activating polypeptide 
(PACAP), vasoactive intestinal polypeptide, and inhibin. 
Factors that have been reported to reduce testosterone 
production by Leydig cells include glucocorticoids, 
estradiol, activin, arginine vasopressin, corticotropin- 
releasing factor (CRF) and interleukin (IL)-1. Although 
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Figure 5 Regulation of testosterone biosynthesis in 
Leydig cells by LH. Abbreviations: 17BHSD, 17Bhydroxy 
steroiddehydrogenase; 3BHSD, 3fhydroxysteroid dehy- 
drogenase/A‘-A® isomerase; AC, adenylate cyclase; 
CAMP, cyclic adenosine monophosphate; DHEA, 
dehydroepiandrosterone; LHR, luteinizing hormone 
receptor; P450c17, 17ahydroxylase/c17,20 lyase; PKA, 
protein kinase A; StAR, steroidogenic acute regulatory 
protein. 


early studies with purified FSH preparations sug- 
gested that FSH enhanced Leydig cell responsiveness 
to LH, more recent experiments using recombinant 
FSH have not supported that idea (39,40). The role 
of FSH in testosterone biosynthesis continues to be 
investigated. 

The blood production rate of testosterone in 
normal adult men is estimated to range from 5000 to 
7500 ug /24 hr (41), and levels of total testosterone 
among normal men range from 250 to 1000 ng/dL (10- 
40 nmol/L) in most assays. The level of testosterone in 
adult men declines by more than 95% if the testes are 
removed. The remainder of the testosterone is derived 
from the production of androstenedione and DHEA by 
the adrenal cortex. 


O ESTROGENS IN MALES 


In addition to testosterone, normal men produce about 
40 ug of estradiol and 60 ug of estrone daily. Estradiol 
is produced from testosterone, and estrone is derived 
from androstenedione, by aromatase P450, the product 
of the CYP19 gene (42). This microsomal enzyme 
oxidizes the C19 angular methyl group to produce a 
phenolic A-ring. Aromatase is expressed in adult 
Leydig cells, where it is upregulated by LH and hCG 
(43); however, most of the estrogen in men is derived 
from aromatase in adipose and skin stromal cells, aortic 
smooth-muscle cells, kidney, skeletal cells, and the 
brain. Regulation of extratesticular aromatase is less 
well understood. The promoter sequences of the testic- 
ular and extragonadal P450 aromatase genes are tissue 
specific due to differential splicing, but the translated 
protein appears to be the same in all tissues. 
Exogenous estrogens are well known to suppress 
testosterone production and to disrupt spermatogenesis, 
but endogenous estrogens play a physiological role in 
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men (44). The actions of estradiol are, for the most part, 
mediated by intracellular receptor proteins that bind 
to and activate the promoters of estrogen-responsive 
genes. It is now known that there are two forms of the 
estrogen receptor (ER) that play a role in reproduction 
and are encoded by separate genes (45). These genes 
have been designated ER-a and ER-B. ER-ais the dom- 
inant form in the pituitary and hypothalamus, whereas 
both ER-a@ and ER-f are found in the testis, prostate, 
and epididymis (46). Clinical findings in an adult man 
with an inactivating mutation of the ER-a@ and in two 
men with mutations of the CYP19 aromatase gene (47), 
together with results from the development of mice 
that are lacking ERs or are deficient in aromatase (48), 
have expanded the understanding of the importance 
of estradiol in the neuroendocrine control of testicular 
function. Studies of the ER-a knock-out mouse have 
revealed dilatation and atrophy of the seminiferous 
tubules, implying an estrogen effect in the regulation 
of the efferent ductules of the testis. Although fertile in 
early life, aromatase-deficient mice subsequently 
develop infertility. Thus, estradiol appears to be essen- 
tial for male fertility. 


O TESTICULAR CONTROL OF 
GONADOTROPIN SECRETION 


Gonadotropin secretion, while upregulated by GnRH, 
is maintained at physiological levels through testicular 
negative feedback mechanisms (Fig. 6). Accordingly, 
plasma LH and FSH levels rise when negative feed- 
back is disrupted by castration, and decrease following 
the administration of testosterone or estradiol. 

The mechanisms for the negative feedback con- 
trol of LH and FSH by gonadal steroids in males are 
partly species specific. There is considerable evidence 
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Figure6 Diagram of the negative feedback control of gonadotropin 
secretion by testicular hormones. Abbreviations: FSH, follicle- 
stimulating hormone; GnRH, gonadotropin-releasing hormone; LH, 
luteinizing hormone. 


that in primates, androgens suppress LH synthesis and 
secretion primarily through an action on the GnRH 
pulse generator. Peripheral blood pulse profiles reveal 
that LH pulse frequency and amplitude are elevated in 
castrates and are suppressed by testosterone replace- 
ment (49,50). In addition, expression of the mRNAs for 
GnRH (3), pituitary GnRH-receptors, and the gonado- 
tropin subunit genes are increased in castrates (51). 
These effects contribute to the testosterone-induced 
reduction in LH pulse amplitude. 

GnRH-deficient men have been used as a human 
model to examine the pituitary and hypothalamic effects 
of testicular negative feedback. In men with GnRH 
deficiency treated with fixed doses of GnRH (52), LH 
secretion was less effectively suppressed by testosterone 
than in normal men, indicating a role for testosterone 
in the control of GnRH secretion. Experiments in the 
nonhuman adult male primate (rendered gonadotropin 
deficient by a hypothalamic lesion and reactivated with 
pulses of GnRH) also demonstrated the importance of 
the GnRH pulse generator in the negative feedback 
control of LH secretion by testosterone. In that model, 
removal of both testes produced little change in LH 
secretion until the frequency of the applied GnRH 
pulses was increased (53). Moreover, when pituitary 
cells from adult male monkeys were stimulated with 
pulses of GnRH, no inhibition of GnRH-induced LH 
secretion by testosterone or dihydrotestosterone (DHT) 
was found. In pituitary cells from rats, on the other 
hand, the gonadotroph is a direct site of testosterone- 
negative feedback control, since GnRH-stimulated LH 
pulses were suppressed in amplitude by testosterone, 
and a-subunit gene expression was reduced (27). Thus, 
the primate pituitary is insensitive to negative feed- 
back from androgens. 

Whether or not testosterone—by itself and/or 
with the estradiol derived from testosterone by aroma- 
tase in the central nervous system or in peripheral 
tissues—controls LH secretion has been a subject of 
considerable interest. The finding that the nonaroma- 
tizable androgen, DHT, decreases LH pulse frequency 
strongly supports a role for androgens in the regula- 
tion of the GnRH pulse generator. Further, LH pulse 
frequency is increased in patients with nonfunctional 
androgen receptors (AR) in the complete androgen 
insensitivity (testicular feminization) syndrome, indi- 
cating that nuclear AR signaling somehow regulates 
GnRH pulse frequency (54). 

It is now well established that estradiol also plays 
an important physiological role in the negative feed- 
back control of gonadotropin secretion in men. This 
control mechanism was suggested by pharmacologi- 
cal studies using the estrogen antagonist, clomiphene 
(55), or the aromatase inhibitor, testolactone (56). 
When these drugs were administered to normal men, 
circulating LH and FSH levels rose together with 
plasma testosterone concentrations. More recently, 
gonadotropin and testosterone levels were reportedly 
increased in a man with an inactivating mutation of 
the ER-a@ (57), and in two men with mutations in the 


aromatase gene (Table 1) (58,59). Thus, even though 
androgen levels are increased, estrogen blockade or 
deficiency leads to increased gonadotropin secretion. 
Moreover, in one man with aromatase deficiency, serum 
gonadotropin levels were suppressed by estrogen 
treatment. The finding that clomiphene increased LH 
pulse frequency (55) indicated that a portion of the 
negative feedback action of estradiol was at the level 
of the GnRH pulse generator. This finding was recently 
confirmed and extended using the aromatase inhibi- 
tor, anastrozole (60). Estradiol treatment also decreases 
the LH response to GnRH stimulation in men (61) and 
in primate pituitary cells perifused with pulses of 
GnRH (27), indicating a direct negative effect on the 
pituitary, as well. 

GnRH neurons appear by autoradiography 
and immunocytochemistry to lack both androgen 
and ERs. Steroid feedback is now believed to involve 
neurons that express kisspeptin. 


O FSH AND INHIBIN 


There are both similarities and differences in the 
neuroendocrine control of FSH when compared to LH 
secretion. As for LH, the synthesis and secretion of 
FSH is upregulated by GnRH and is suppressed by 
gonadal steroid hormones; however, two paracrine 
factors, pituitary activin and follistatin, and testicular 
inhibin-B selectively regulate FSH secretion by regu- 
lating FSH-B gene expression (62). Because of these 
unique control mechanisms for FSH, LH and FSH 
secretion are sometimes dissociated. 

Activin, a member of the transforming growth 
factor (TGF)-B family of growth factors, stimulates 
FSH-B mRNA transcription and prolongs FSH-B 
mRNA half-life. Activin is a dimeric peptide consisting 
of two similar subunits that were designated as 
subunits because the identification of activin fol- 
lowed the cloning of inhibin, an a-B heterodimer. There 
are at least four forms of the B subunit: BA, BB, BC, and 
BD. Activin is expressed in all tissues in the body and 
plays a role in neural and mesodermal morphogenesis, 
wound healing, vascular remodeling, and inflamma- 
tion, as well as in reproductive function. The pituitary 
expresses BB, and activin-B (BBB) is the form found in 
the pituitary, whereas most other tissues produce 
activin-A. Activin binds to a serine/threonine kinase 
receptor (activin receptor type II) that complexes with, 
and phosphorylates a type 1 activin receptor to initiate 
intracellular signaling (63). A group of intracellular 
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proteins known as Smads mediate the actions of activin 
as well as TGF-B. Ultimately, the activin-stimulated 
Smad complex enters the nucleus and activates target 
genes including FSH-B. 

The actions of activin are antagonized by fol- 
listatin, which binds to, and thereby neutralizes, the 
bioactivity of activin. Additionally, inhibin competes 
with activin for binding to the activin receptor (64). 
Inhibin is an antagonist of activin because it fails to 
initiate intracellular Smad signaling. Betaglycan, a 
membrane proteoglycan, appears to function as an 
accessory receptor-binding protein for inhibin as well 
as for TGF-B and plays a role in inhibin suppression of 
activin signaling (65). Follistatin is structurally unre- 
lated to activin and inhibin, but like activin, is found in 
all tissues examined. In the rat pituitary, follistatin is 
upregulated by activin, GnRH, and PACAP, and is 
suppressed by testosterone and by follistatin itself—no 
doubt through binding to activin. One effect of pitu- 
itary follistatin is to influence the FSH and LH response 
to castration. Follistatin expression increases following 
orchiectomy in male rats (66), and there is a reciprocal 
relationship between follistatin and FSH-B gene expres- 
sion that rises only two- to threefold in orchiectomized 
rats. This relation implies that follistatin attenuates the 
FSH castration response in that species. On the other 
hand, in male primates, including humans, FSH-B 
mRNA increases about 50-fold following bilateral 
orchiectomy, but follistatin mRNA levels are unchanged 
(50). Thus, follistatin appears to function as a brake on 
FSH production in male rodents but not in primates. 

Inhibin is produced by Sertoli cells and by fetal 
Leydig cells and plays a fundamental role in the selective 
regulation of FSH (67). Inhibin may also be an intrago- 
nadal regulator, but that function of inhibin is less well 
understood. The term “inhibin” was first applied in 
1932 to the aqueous extract of bull testis that prevented 
the development of castration cells within the anterior 
pituitary and was distinguished from “androitin” 
(what is now known as testosterone) that was present 
in the ether extract and stimulated prostate growth. 

Inhibin is a heterodimer of an o-subunit and one 
of two B-subunits, BA and BB. Of these, only the BB 
subunit seems to be expressed by the testis, and there- 
fore testicular inhibin is inhibin-B. The inhibin 
o-subunit gene is upregulated by FSH, whereas the 
factors regulating the BB subunit gene are not well 
understood. The level of inhibin/activin BB mRNA in 
the rat testis is unaffected by hypophysectomy or by 
FSH treatment (68). Transcription factors of the GATA- 
binding protein family were found to regulate both the 


TABLE 1 Hormone Levels in a Man with a Mutation of the ER-a and Two Men Deficient in Aromatase 


Age (yr) Testosterone (ng/dL) Estradiol (pg/mL) LH (mIU/mL) FSH (mIU/mL) Ref. 
28 445 119 37 (2.0-20) 33 (2.0-15) (57) 
24 2015 <7 26.1 (2.0-9.9) 28.3 (5.0-9.9) (58) 
31 523 <10 5.6 (1.4-8.9) 17.1 (1.7-6.9) (59) 


Note: LH and FSH levels in parentheses are the normal ranges reported in those references. 
Abbreviations: LH, luteinizing hormone; FSH, follicle-stimulating hormone, ER, estrogen receptor. 
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inhibin f- and o-subunit promoters (69). Control of 
inhibin BB by a germ-cell factor is suggested by the 
abrupt decline in plasma inhibin-B levels but not 
inhibin-@ subunit levels that follows destruction of 
germ cells by cancer chemotherapy (70). 

Inhibin suppresses FSH secretion by decreasing 
the level of the mRNA for the FSH-B subunit (71). 
Based on this effect, plasma inhibin-B and FSH concen- 
trations are inversely related among normal men and 
are more strikingly correlated when values from men 
with primary testicular failure are included in the anal- 
ysis. The relationship between circulating inhibin-B 
and FSH is different, however, from that between 
serum LH and testosterone levels. Specifically, there is 
no correlation between circulating LH and testoster- 
one among normal men. The different relationship 
between plasma LH with testosterone and FSH with 
inhibin-B levels was clearly demonstrated in experi- 
ments conducted by Ramaswamy et al. (72). These 
investigators removed one testis from adult male rhesus 
monkeys and observed that the plasma levels of both 
testosterone and inhibin-B decreased, but the decline in 
testosterone was brief and was restored to normal by a 
rise in LH, whereas inhibin-B levels remained at about 
50% of the baseline value for up to six weeks even 
though FSH levels rose. Similarly, Anawalt et al. (73) 
found that very large doses were required for FSH to 
increase circulating inhibin-B levels in normal men. 
Thus, LH and testosterone form a classical feed- 
forward /feedback loop, whereas inhibin-B controls 
FSH but is less dependent on FSH stimulation. 

Inhibin-B levels increase during the neonatal 
phase of development and again at puberty. Although 
plasma LH and FSH levels rise at these developmental 
stages, the number of Sertoli cells also increases. 
Studies in adult monkeys showed a strong positive 
correlation between circulating inhibin-B levels and 
Sertoli cell number (74). Thus, circulating inhibin-B 
appears to reflect the number and function of Sertoli 
cells and is less dependent on FSH stimulation. 

FSH activates a G protein-associated seven- 
transmembrane Sertoli-cell receptor (75). The activated 
receptor stimulates adenylate cyclase and increases 
intracellular levels of cAMP. Numerous Sertoli-cell 
genes are activated by cAMP, most often through 
cAMP-dependent PKA, with subsequent phosphory- 
lation of the cAMP response element CREB transcrip- 
tion factor. The role of FSH in spermatogenesis is, 
however, a matter of controversy. The classical view 
was that FSH stimulated spermatogenesis and that LH 
stimulated testosterone production by Leydig cells; 
however, spermatogenesis is qualitatively maintained 
by testosterone alone in hypophysectomized rats or in 
rats immunized against GnRH. More recently, men 
with an inactivating mutation of the FSH-R gene were 
identified in Finland. The testes of the five homozy- 
gotes were reduced in size, and the sperm count and/ 
or motility was reduced, but two men were fertile (76). 
Moreover, an FSH-B-deficient mouse that was devel- 
oped was likewise fertile (77), implying that FSH is not 


essential for male fertility. On the other hand, sper- 
matogenesis is not quantitatively normal in these 
models, and FSH acts synergistically with testosterone 
in rodents or with hCG in men, implying a role for FSH 
in spermatogenesis as well. Species differences in the 
progression of undifferentiated spermatogonia and in 
the production of FSH independent of GnRH may 
explain why FSH seems to be less important in rodents 
than in primates. 


O NEUROENDOCRINE MECHANISMS FOR THE 
DIFFERENTIAL CONTROL OF FSH AND LH 


In addition to selective regulation of FSH-B mRNA levels 
by pituitary activin and follistatin and by testicular 
inhibin-B, other mechanisms may contribute to the 
differential secretion of FSH and LH. Results from 
studies in rats (78) and rat pituitary cell cultures (79) 
revealed that the frequency of GnRH pulses regulates 
LH and FSH syntheses differently, with very rapid 
GnRH pulse frequencies (every 15-30 minutes) favor- 
ing LH-B over FSH-B gene expression. This difference 
may be partly due to upregulation of follistatin mRNA 
levels by rapid GnRH pulse frequencies (79) with sub- 
sequent suppression by follistatin of activin-stimulated 
FSH-B gene expression. Although this mechanism 
seems to be applicable in rats, its importance in men is 
less well established. In men with congenital hypogo- 
nadotropic hypogonadism (CHH) (e.g., Kallmann's 
syndrome) who were treated long term with pulsatile 
GnRH, increasing the frequency of GnRH stimulation 
from every two hours to every 30 minutes for seven 
days increased serum LH levels threefold, but FSH 
levels rose by 50% (80). It is well established that the 
rise in LH exceeds the rise in FSH when normal men 
are administered a GnRH bolus. A second study in a 
similar population of men revealed that increasing the 
GnRH pulse frequency from every 1.5 hours to every 
0.5 hours suppressed plasma FSH, but plasma LH 
levels were unchanged (81). In both studies, changes in 
testosterone, estradiol, and inhibin-B levels may have 
influenced the results. PACAP is a neuropeptide that 
stimulates o-subunit transcription and lengthens LH-B 
mRNA transcripts and presumably prolongs half-life 
but suppresses FSH-B mRNA levels by stimulating fol- 
listatin transcription (82). These observations in vitro 
suggest PACAP could also play a role in the differential 
production of FSH and LH. A third idea is that increasing 
the frequency of GnRH pulses modifies GnRH-receptor 
signaling pathways and thereby regulates FSH-B and 
LH-B gene expression differently (83). 


O THE INTERNAL AND EXTERNAL 
ENVIRONMENT AND THE 
NEUROENDOCRINE CONTROL 
OF TESTICULAR FUNCTION 


Changes in the internal or external environment may 
predispose to neuroendocrine testicular dysfunction 


through either an acceleration or a slowing in GnRH 
pulse frequency, or an increase or decline in GnRH 
pulse amplitude. So far, no abnormalities have been 
ascribed to GnRH pulses of abnormal duration. Because 
each LH pulse is initiated by a burst of GnRH secre- 
tion, a disturbance in LH pulse frequency is considered 
to indicate a change in function of the hypothalamic 
GnkH pulse generator. On the other hand, variations 
in LH pulse amplitude are consistent with either a 
change in GnRH secretion, a change in GnRH respon- 
siveness due to changes in GnRH-receptor number or 
signaling mechanisms, or a change in gonadotropin 
subunit gene expression. Because LH interpulse inter- 
vals and LH secretory pulse amplitudes are variable 
both within and between subjects, distinguishing 
between hypothalamic and pituitary mechanisms of 
disease by evaluating pulse patterns in humans can be 
difficult. The LH response to pharmacological stimula- 
tion with GnRH is often unhelpful in distinguishing 
hypothalamic from pituitary disease, as well, since 
responsiveness to GnRH can be inversely proportional 
to GnRH frequency, can overlap with normal in some 
patients with pituitary disease, and is attenuated by 
prolonged GnRH deficiency. 

In men with CHH, plasma LH levels are frequently 
undetectable, and LH pulses are absent (84). Other men 
have partial defects with evidence for testicular devel- 
opment, and circulating testosterone levels that are sim- 
ilar to those of boys during puberty (85). Some cases of 
CHH in men with Kallmann’s syndrome are now under- 
stood to be due to hypothalamic GnRH deficiency, and 
other cases of CHH have been associated with muta- 
tions in the GnRH-receptor gene (86). Chromosomal 
mapping of the GnRH receptor to autosome 4q22.1 
explains how CHH affects a small number of females. 
Gonadotropin deficiency also occurs in men with adre- 
nal hypoplasia congenita, a disorder causing primary 
adrenal failure in neonates, which is now known to 
result from mutations in the gene for DAX1, a member 
of the orphan nuclear hormone superfamily (87). Studies 
in rodents support a role for DAX1 and the related gene, 
steroidogenic factor-1 in the regulation of the LH-8 and 
o-subunit as well as the GnRH receptor and adrenocor- 
ticotropic hormone (ACTH) receptor genes. Yet, most 
cases of CHH remain idiopathic. 

Gonadotropin deficiency in adult men is acquired, 
rather than inherited, and results from tumors of the 
pituitary or suprasellar region, or from granulomatous 
or infiltrative disorders including sarcoidosis, histiocy- 
tosis, and hemochromatosis. Some cases of acquired 
hypogonadotropic hypogonadism have no evident 
explanation (88). 

Nutritional factors play an important role in the 
neuroendocrine control of testicular function. In acute 
starvation, LH pulse frequency and amplitude decrease 
(89). Prolonged starvation, as in patients with anorexia 
nervosa, may be accompanied by a complete loss of 
LH pulsatile secretion (90). In fact, since adrenal andro- 
gen production also declines with starvation, serum 
testosterone levels in males with anorexia nervosa may 
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fall to levels usually observed in prepubertal boys. The 
nutritional signals that influence the neuroendocrine 
regulation of gonadal and adrenal androgens are a 
subject of active investigation. 

There is evidence that leptin from fat tissue, 
which suppresses feeding behaviors, regulates neuro- 
endocrine function (91). In many species, plasma leptin 
levels decline rapidly during caloric restriction and 
herald a decrease in gonadotropin production (92). 
Moreover, genetically obese ob/ob mice (lacking 
endogenous leptin) are infertile, and treatment of these 
animals with leptin stimulates the activity of the repro- 
ductive endocrine system and induces fertility (93). 
Similarly, treatment with leptin prevented the fasting- 
induced decline in LH pulse frequency in sheep (94). 
Leptin effects on both the pituitary and on GnRH 
neurons have now been reported, but the mechanism 
by which leptin may regulate gonadotropin secretion 
remains controversial. With decreased caloric intake, 
reduced leptin signaling activates neuropeptide Y (NPY) 
gene expression in the hypothalamic arcuate nucleus. 
Thus, leptin deficiency may suppress GnRH through 
an NPY-mediated mechanism. Orexins, recently dis- 
covered hypothalamic neuropeptides that stimulate 
feeding behavior, also suppress LH pulsatile secretion 
in rats. Hypoglycemic stress also suppresses pulsatile 
LH secretion in rodents. 

Nutritional stress also increases CRF-ACTH 
mediated cortisol production. CRF, ACTH, and corti- 
sol have each been implicated in stress-associated 
gonadotropin deficiency. Men with Cushing’s syn- 
drome are often hypogonadal (95), and prolonged 
glucocorticoid treatment of men with otherwise normal 
testicular function produces gonadotropin deficiency 
(96). Moreover, glucocorticoids suppress transcription 
of the mouse GnRH gene (97). Corticotropin-releasing 
hormone (CRH) also directly decreases GnRH mRNA. 
Testicular CRF negatively regulates LH action by 
inhibiting gonadotropin-induced cAMP generation 
and thereby decreases androgen production (98). CRH 
also increases IL-1 in Sertoli cells, and IL-1 inhibits 
Leydig cell steroidogenesis in vitro. In this way, testic- 
ular CRH may play a role in the decline in testosterone 
production that occurs with stress and inflammation. 

Bendorphin is another product of the pro- 
opiomelanocortin gene, in addition to ACTH, that is 
increased with stress and is a likely regulator of the 
neuroendocrine reproductive system. This peptide has 
opiate-like bioactivity and inhibits GnRH secretion in 
experimental animals. In humans, endorphin antagonists 
increase pulsatile LH secretion (99). B-endorphin may 
also mediate CRF-induced gonadotropin deficiency. 

PRL secretion also increases with stress. Studies 
using in situ hybridization techniques in rats with 
experimental hyperprolactinemia have demonstrated 
a reduction in GnRH mRNA levels per cell and a resulting 
decline in GnRH receptor concentration. In patients 
with PRL-producing pituitary tumors, pulsatile LH 
secretion is reduced (100) and is restored with pulsatile 
GnRH therapy (101). 
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The neuroendocrine regulation of testicular func- 
tion is also altered by obesity. Low testosterone levels 
are common among obese men, partly because sex 
hormone binding globulin (SHBG) concentrations are 
reduced (102). Low levels of SHBG may result from 
hyperinsulinemia because insulin is known to suppress 
SHBG production in vitro (103), lowering circulating 
insulin levels with diazoxide increased plasma levels 
of SHBG (104); however, the inverse correlation 
between circulating insulin and SHBG is imperfect, 
implying that other factors related to insulin resistance 
in obesity could be important regulators of SHBG as 
well. Free and non-SHBG bound testosterone levels 
also decline with massive obesity. Because mean serum 
estrone and estradiol levels may be increased, one idea 
is that increased estrogen production from expression 
of aromatase in adipose tissue lowers testosterone pro- 
duction. A pituitary site of estradiol action is suggested 
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O INTRODUCTION 


The appraisal of hypothalamo-pituitary—gonadal 
dynamics in men requires the assessment of the 
stimulation of luteinizing hormone (LH) secretion by 
gonadotropin-releasing hormone (GnRH), negative 
feedback on GnRH and LH output by testosterone 
(Te), and feedforward by LH on androgen biosynthe- 
sis. Quantitations of LH and Te time series, both 
separately and jointly, provide a window to these 
interactions. For example, analyses in aging men have 
disclosed a loss of normal orderliness of the LH-release 
process, erosion of LH pulse amplitude, accelerated 
LH peak frequency, and disruption of LH-Te coupling 
in the face of normal mean serum LH and total Te 
concentrations. Continuing developments should 
allow estimates of in vivo dose-response interfaces 
that link GnRH, LH, and Te and eventual prediction 
of the unobserved behavior of hypothalamic GnRH 
secretion. 


O OVERVIEW 


Beyond the gametogenic component of the male repro- 
ductive axis, androgen secretion in the adult is driven 
by an ensemble of approximately 800 to 1200 hypo- 
thalamic GnRH neurons (and their multiple regulatory 
inputs), the LH-secreting gonadotrope-cell population 
in the anterior pituitary gland, and lutropin-respon- 
sive gonadal Leydig cells (1-4). The multisite nature 
of the GnRH-LH-Te feedforward and feedback axes 
has motivated more formalized biomathematical con- 
structs of this dynamic system (5-9). The clinical applica- 
tion of such an integrative perspective will be illustrated 
here by analyses of LH and androgen secretion in the 
aging male, in whom a progressive reduction in 
Te bioavailability is mediated by an array of nonexclu- 
sive factors. 


O CLINICAL RESEARCH TOOLS 
Monohormonal Secretory Disruption 
in the Aging Male 


Multiple clinical research tools have become available 
in the last two decades to evaluate monohormonal 
secretion both objectively and reproducibly in health 
and disease; viz., high-frequency and extended blood- 
sampling paradigms to capture the full spectrum of 
LH and Te secretory activity (1,10-15); precise, sensi- 
tive, specific, and reliable automated assays of LH and 
Te (15-19); objective “discrete peak-detection” meth- 
ods and deconvolution-based techniques to quantitate 
pulsatile hormone secretion (20-28); the approximate 
entropy (ApEn) (regularity) statistic to monitor the 
orderliness of feedback-dependent secretory patterns 
(29-32); validation of a selective steroidogenic inhibitor 
to induce reversible hypoandrogenemia and unleash 
endogenous GnRH/LH drive (33,34); pulsatile i.v. 
infusions of GnRH to impose a “hypothalamic GnRH 
clamp” (35-38); and measurements of selected other 
pituitary glycoproteins, such as free alpha-subunit 
(39,40), biologically active LH (41-45), and chromato- 
focused LH isoforms (46-48). The foregoing approaches 
have unveiled the subtle pathophysiology of the male 
gonadal axis in the absence of overt hypothalamic, 
pituitary, or gonadal failure. 


Frequent and Extended Blood-Sampling 
Protocols 


The GnRH-LH functional unit operates physiologically 
under intermittent, rather than continuous, hypotha- 
lamic drive (2,4,49,50). Thus, to the extent that endo- 
genous GnRH-LH coupling is preserved, appraisal of 
pulsatile LH release provides a window to monitor epi- 
sodic hypothalamic GnRH secretion indirectly (15,51). 
Clinical studies affirm that sampling blood at 5- or 
10-minute intervals for 12 to 24 hours will capture the 
majority of detectable LH-secretory peaks in healthy 
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Figure 1 Serum LH concentration profiles in three young and three older men sampled at 2.5-minute intervals during the hours of sleep. The 
continuous lines are predicted by deconvolution analysis. Older individuals manifest more irregular, frequent, and low-amplitude LH-secretory 


pulses. Abbreviation: LH, luteinizing hormone. Source: From Ref. 57. 


men (1,10-15,21). Intensive sampling methods have 
documented consistent blunting of high-amplitude 
pulsatile LH-secretion in healthy older men (3,17, 
37,38,52-56). The erosion of large LH pulses in aging 
has been corroborated by sampling blood every 2.5 
minutes overnight and by high-precision immunora- 
diometric assay and ultrasensitive chemiluminescence- 
based LH assays (Fig 1A, 1B) (31,52,53). The aged male 
Brown Norway rat also exhibits consistent loss of LH 
pulse height (58,59). 

Impoverishment of high-amplitude LH-secretory 
pulses in the (aging) male could denote: (i) diminished 
hypothalamic GnRH drive; (ii) heightened negative- 
feedback restraint by androgens of GnRH and/or LH 
secretion; and/or (iii) reduced gonadotrope-cell 
responsiveness to physiological amounts of GnRH. 
To address the last consideration, recent clinical stud- 
ies have implemented randomly ordered, prospective 
and separate-day acute i.v. GnRH dose-response anal- 
yses of LH secretion in young and older volunteers 
(40,60). Deconvolution analyses of GnRH-stimulated 
LH release have revealed equivalent (or amplified) 
maximal LH-secretory rates in older individuals, thus 
defining normal or augmented GnRH efficacy (40). 
Minimally stimulatory doses of GnRH were more 
effective in aging men, thus pointing to increased 
GnRH potency (heightened pituitary sensitivity to 
GnRH) (60). Preserved pituitary responsiveness 
to GnRH would exclude primary gonadotrope-cell 
failure in older men (61) and favor hypotheses of 
reduced hypothalamic GnRH feedforward of gonado- 
tropes and/or heightened androgen-negative-feedback 
restraint of LH pulse amplitude (3). Extending the fore- 
going GnRH stimulation experiment to a two-week 


paradigm of 90-minute i.v. pulsatile GnRH infusions 
established full pituitary responsiveness to short-term 
GnRH drive in older men (52). 

Although not evident using a 20-minute sam- 
pling schedule (62), analyses based on 2.5- or 10-minute 
blood-sampling paradigms have disclosed an acceler- 
ated frequency of low-amplitude LH pulses in older 
men (3,18,37,38,53). Blunting of LH peak amplitudes 
also prevails in the aged male rat (58,63). A higher 
mean LH pulse frequency in the aging male could 
reflect a secondary rise in hypothalamic GnRH pulse- 
generator activity in the face of reduced feedback by 
lower bioavailable Te concentrations (2,18,53). The 
notion of normal androgenic repression of GnRH pulse 
frequency is supported by two experimental para- 
digms in young men: (i) administration of androgenic 
steroids suppresses LH pulse frequency (and recipro- 
cally elevates LH pulse amplitude) (2,16,61,64—68); (ii) 
conversely, short-term androgen-receptor blockade 
with a nonsteroidal antiandrogen (flutamide) acceler- 
ates LH pulse frequency (69,70). Accordingly, a higher 
frequency of low-amplitude LH pulses in the aging 
male may result from (i) a primary reduction in the 
amount of GnRH secreted per pulse, or (ii) a secondary 
rise in GnRH pulse frequency due to reduced bioavail- 
able-androgen feedback. This bipartite thesis does not 
exclude age-related simultaneous failure of GnRH 
secretion and Leydig-cell steroidogenesis (see below) 
(2,3,18,37,38,53,55,61,71-74). 


Luteinizing Hormone Assays 


Quantitation of serum LH concentrations requires a 
valid, reliable, specific, sensitive, and precise assay 
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Figure 2 Schema illustrating the technique of deconvolution analysis applied to serum LH concentration profiles. Deconvolution analysis 
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with statistics-based data reduction. Recent immuno- 
radiometric (16,17,75) and immunofluorometric (15,18) 
methods achieve these requirements, and often correlate 
well with in vitro LH bioassays (39,41,45,46,76). For 
example, fluorescence- and chemiluminescence-based 
LH assays achieve 30- to 100-fold greater sensitivity 
than earlier radioimmuno assays (77), and thereby 
document a 30-fold rise in LH pulse height (or mass) 
in pubertal boys (17,78). For high assay precision, one 
should use a fully automated (robotics) procedure, 
and for statistical analysis, on-line model-free data 
reduction (79-81). To verify LH assay validity, one 
might apply a heterologous (e.g., rodent) in vitro 
Leydig cell bioassay of LH action (39,41,46), or 
a homologous recombinant human (rh) LH recep- 
tor-transfected human fetal kidney (cell line 293) cell 
bioassay (82). 


Enumerating Serum LH Concentration 
Peaks and Quantitating Underlying 
LH-Secretory Bursts 


Various computer-assisted discrete peak-detection 
technologies are available to identify peaks objectively 
in appropriately sampled and assayed serum LH 
concentration time series (1,14,20,67,83,84). Such meth- 
odologies are important for estimating putative GnRH 
pulsatility indirectly, assuming the presence of res- 
ponsive pituitary gonadotropes. One such (model-free) 
peak-detection technique is cluster analysis (20). This 
procedure identifies diminished LH peak amplitude 


and increased LH peak frequency in the healthy aging 
male (52). 

Observed serum LH concentration profiles are 
generated jointly by underlying LH secretion and 
hormone-specific kinetics, namely: (i) the amount 
(mass) of LH secreted within each pulse; (ii) the distri- 
bution volume and half-life of LH; (iii) any concurrent 
basal (or nonpulsatile) LH secretion; and (iv) earlier 
hormone secretion that still continues to decay (22-27). 
“Deconvolution analysis” provides a means to quan- 
titate the foregoing combined secretory and kinetic 
contributions to a hormone pulse profile (1,23,25,27), 
as illustrated in Figure 2. 

Two complementary classes of deconvolution 
techniques exist: model-specific and waveform-inde- 
pendent methods (1,3,13,14,22-27,85-93). Like cluster 
analysis, both types of deconvolution procedures doc- 
ument a lower amplitude of pulsatile LH secretion in 
older men (3,18,53). Indeed, a third-generation decon- 
volution approach—using a random-effects model 
of basal LH secretion admixed with variable pulsatile 
LH-release episodes—also predicts suppressed LH- 
secretory pulse amplitude and increased LH-secretory 
burst frequency in older men (5,6,8,9). 


Entropy or Orderliness of LH-Release Patterns 


In addition to pulsatile secretion, the degree of regular- 
ity of subpatterns in the data characterizes moment-to- 
moment LH secretion (29,31,32,94). Orderliness of the 
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Figure 3 Concept of the ApEn statistic to quantify the relative 
orderliness of neurohormone time series. The three curves repre- 
sent a simple cosine waveform (bottom), which denotes low ApEn or 
well-ordered patterns; less-regular serial data (middle); and an irreg- 
ular (higher ApEn) profile (top). Aging is accompanied by consist- 
ently more disorderly LH and testosterone secretion as quantitated 
by higher ApEn (Fig. 4). Abbreviation: ApEn, approximate entropy. 


sample-by-sample hormone release process can be 
quantitated via the ApEn statistic (Fig. 3). ApEn repre- 
sents a single number calculated for any given time 
series, which provides a sensitive barometer of irregu- 
larity due to feedback alterations within the interactive 
network (see below) (29-32,94-96). For example, the 
ApEn metric quantitates highly irregular tumoral pro- 
duction of adrenocorticotropic hormone (ACTH), 
growth hormone (GH), aldosterone, and prolactin 
(29,30,97-100); discriminates more disorderly GH 
release in the female than in the male (101); and quan- 
titates more subtly variable ACTH, GH, and insulin 
secretion in aging men and women (102-105). ApEn 
calculations likewise disclose greater disorderliness of 
LH and Te release in the older male (Fig. 4A, upper) 
(3,31,52,96). 

As an extension of the concept of ApEn for a 
single time series, cross-ApEn is used to assess the 
degree of coordinate or synchronous secretion of two 
hormones (Fig. 4A, lower). Cross-ApEn of paired LH- 
and Te-release profiles is elevated in aging men, denot- 
ing the disruption of within-axis bihormonal synchrony 
(31,52,106). The establishment of the precise locus (or 
loci) that drive(s) this disruption requires additional 
pertinent “localizing” experiments. For example, older 
men also manifest higher cross-ApEn of LH-prolactin, 
LH-follicle-stimulating hormone (FSH), LH-NPH, 
LH-sleep, and nocturnal penile tumescence (NPT)- 
sleep linkages (Fig. 4B) (107). This collection of two- 
variable asynchrony suggests a central nervous system 
(CNS) contribution to altered neurohormone outflow 
in the aging male. 


GnRH “Clamp” Studies 


The availability of GnRH as a synthetic decapeptide 
for clinical use has allowed clinical testing of the 


hypothalamo-pituitary basis underlying putatively 
hypogonadotropic states; for example, aging, hyperp- 
rolactinemia, anorexia nervosa, Kallmann’s syndrome, 
fasting-induced hypogonadism in men, etc. (37,40, 
52,73,108-110). For example, pulsatile i.v. infusion of 
GnRH versus saline every 90 minutes for two weeks 
was imposed in a prospective, randomly ordered, 
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Figure 4 (A) Increased ApEn (1.20%) of overnight (2.5-minute 
sampled) serum LH concentration profiles in older men compared 
with young men. Higher ApEn denotes more disorderly gonadotropin 
outflow (upper panel). Elevated cross-ApEn of LH release and noc- 
turnal penile tumescence oscillations in older men define loss of syn- 
chrony in aging (lower panel). (B) Erosion of the young-adult 
difference between FSH and LH ApEn with increasing age in men. 
The decline in bihormonal ApEn differences signifies uncoupling of 
the coordinate release of LH and FSH in older individuals. 
Abbreviations: ApEn, approximate entropy; FSH, follicle-stimulating 
hormone; LH, luteinizing hormone. 
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cross-over study to test putative gonadotrope failure 
in aging men (52). On day 14 of the saline (control) 
infusion, older men exhibited low-amplitude and high- 
frequency LH pulsatility with high ApEn, denoting 
more irregular LH release. Controlled pulsatile GnRH 
drive normalized pulsatile and entropic features of LH 
release in older men to values indistinguishable from 
those attained in identically infused younger indivi- 
duals (52). GnRH-stimulated LH secretion, however, 
failed to increase Te output in older men, thus pointing 
to defective Leydig cell steroidogenesis and/or redu- 
ced biological activity of LH in aging. The latter 
hypothesis was not affirmed, since mean plasma LH 
concentrations assessed by in vitro Leydig cell bioas- 
say were comparable in the two age cohorts (52). Thus, 
an exogenous GnRH “rescue” paradigm may be useful 
to unmask (i) reduced hypothalamic GnRH output, if 
sustained pulsatile i.v. GnRH infusions normalize 
low-amplitude pulsatile LH secretion; and (ii) impaired 
Leydig cell steroidogenic responsiveness to endoge- 
nous LH stimulation, if Te production fails to rise 
normally in the face of induced LH secretion (52). 


Free Alpha-Subunit Measures 


At high LH pulse frequencies (e.g., secretory bursts 
occurring every 45 to 60 minutes), conventional dis- 
crete-peak detection becomes more difficult analyti- 
cally (1,14,22). In this situation, one might also 
measure free alpha-subunit levels, since this glyco- 
protein has a shorter half-life than that of intact LH 
(39,40,111-113). More rapid kinetics favor peak identifi- 
cation (13,22,25-27). Alpha-subunit measurements are 
not always necessary, since detection of LH-secretory 
bursts by deconvolution analysis is validated at 
higher event frequencies (15,23). 


Ketoconazole-Induced Steroidogenic Blockade 
to Achieve Short-Term Androgen Deprivation 


Reversible inhibition of adrenal and gonadal steroido- 
genesis with ketoconazole (KTCZ) provides a clinical 
test of hypothalamo-pituitary responsiveness to acute 
withdrawal of androgenic negative feedback (33,34, 
106,114,115). Earlier studies in healthy young men 
showed that this antifungal drug can inhibit Te pro- 
duction by approximately 80% for periods of several 
days with attendant doubling or tripling of LH secre- 
tion (33,34,106,114,116,117). KTCZ blocks cytochrome 
P450-containing enzymes (116,118). At higher doses, 
this steroidogenic inhibitor lowers mean 24-hour 
serum Te concentrations below 100 ng/dL and effec- 
tively stimulates LH secretion (33,34). The latter pat- 
terns become more irregular (as monitored by higher 
ApEn values) and exhibit a higher mean 
pulse frequency, as ascertained by technically inde- 
pendent means (33,34). The specificity of Te as the ste- 
roidal feedback signal blocked by KTCZ has been 
affirmed by showing that i.v. infusion of androgen 
promptly normalizes the foregoing features of hyper- 
gonadotropism (34). 


Pulsatile I.V. Infusions of rh LH During Inhibition 
of GnRH Action 


Pulsatile i.v. infusions of rh LH will stimulate Te secre- 
tion within 20 to 40 minutes in leuprolide-suppressed 
young and older men (119). Older men show a 30% to 
50% impairment in this response. In this paradigm, 
however, injected LH pulses do not normalize total 
serum Te concentrations even in young men. 
Incomplete responsiveness of the GnRH agonist- 
downregulated testis probably reflects withdrawal of 
the trophic actions of LH on sterol-transport protein, 
low-density lipoprotein receptor, and steroidogenic- 
enzyme gene expression, since GnRH agonists exert 
little, if any, direct inhibitory effects on the human 
(unlike the rodent) testis (1,2,120). In contrast, full 
gonadal responsiveness to LH pulses is maintained 
following acute injection of a pure GnRH antagonist, 
which suppresses LH and Te secretion within two to 
six hours (Fig. 5) (89,121-124). 


GnRH-LH-Te Network Feedback Principles 


Neuroendocrine systems comprise specialized arrays 
of discrete neural structures and corresponding glands, 
which communicate via intermittent blood-borne 
chemical signals (1,3,5,9,36,126). A hallmark of such 
dynamic autoregulatory systems is the operation of 
relevant neuroglandular interfaces; for example, hypo- 
thalamic (brain) signals impact pituitary (somatic) 
cells. Secreted pituitary hormones in turn activate 
downstream glandular loci, which release peripherally 
acting effector molecules. The latter typically feedback 
to the brain and/or pituitary gland to repress secre- 
tion. This concept of a classical “closed-loop” model is 
highlighted in Figure 6 for the male reproductive axis 
(2). The three pivotal regulatory nodes in this case 
include an ensemble of upper-brainstem electrically 
coupled GnRH-secreting neurons, specialized ante- 
rior-pituitary gonadotrope cells that synthesize and 
release LH, and testicular Leydig cells that secrete Te 
(4,9,49,127-129). 

The GnRH-LH-Te network is driven by joint 
feedforward and feedback interfaces (1-3). In vitro 
data indicate that interface behavior can be approxi- 
mated algebraically by nonlinear monotonic (logistic- 
like) functions (3,5,8,9,45,130,131). The foregoing 
multiply-coupled interactions and their time delays 
give rise to the dynamic output of GnRH, LH, and Te. 
Thus, analyzing any one component of the axis in iso- 
lation would fail to explain complete system behavior 
(5,9). Moreover, whereas GnRH release is not quantifi- 
able in the human, a correct formulation of the forego- 
ing dynamics should allow the reconstruction of 
unobserved GnRH signals based on simultaneously 
observed LH and Te secretion. In addition, an appro- 
priately defined interactive model should ultimately 
permit estimation of in vivo neuroglandular interface 
(dose-response) functions (Table 1). 

Viewed broadly from a neuroendocrine perspec- 
tive, analytically tractable network models (above) 
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Figure 5 Recurrent intravenous infusions of recombinant human LH every two hours as six-minute square-wave pulses in eight young men 
(left) and seven older men (right) following leuprolide-induced downregulation of endogenous LH secretion. Data are serum LH and testosterone 
concentrations (mean + SEM) obtained by sampling blood every 10 minutes for 16 hours. LH injections began after the first blood sample was 


withdrawn. Abbreviation: LH, luteinizing hormone. Source: From Ref. 125. 


have several important biomedical implications in 
aging research. Firstly, establishing the essential 
interactive elements and the corresponding time 
delays of the relevant GnRH-LH-Te becomes an 
evolving process, which is subject to revision as 
knowledge grows. Secondly, a formalized construct of 
an intuitively complex system has utility in testing the 
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Figure 6 Schematized construct of the normal male hypothalamo— 
pituitary—gonadal axis. Arrows mark feedforward (+) or feedback (-) 
connections driven by corresponding interface (dose-response) func- 
tions. Leydig-cell Te feeds back to repress pituitary LH production and 
to inhibit both the amplitude and the frequency of hypothalamic GnRH 
pulsatility. Abbreviations: GnRH, gonadotropin-releasing hormone; 
LH, luteinizing hormone; Te, testosterone. Source: From Ref. 96. 


Table 1 Primary Goals of Neuroendocrine Modeling of Male 
Reproductive Axis 


Infer behavior of unobserved signals (e.g., GnRH) 
Estimate in vivo dose-response (interface) behavior (e.g., 
luteinizing hormone’s feedforward on testosterone) 
Assess system reaction to a particular parameter change 
(e.g., muted or enhanced feedback of testosterone on GnRH) 
Revise concept of network based on emergent experimental data 
Explicate clinical pathophysiology, species differences, or drug effects 
Design parsimonious interventional experiments 


Abbreviation: GnRH, gonadotropin-releasing hormone. 


feasibility of clinical inferences. Thirdly, such formal- 
ism allows a priori predictions of interventional effects 
on the biological network. Lastly, a robust model for- 
mulation should guide more parsimonious planning 
of higher-yield experiments from a larger repertoire of 
intuitive choices, thereby potentially limiting cost, 
animal resources, and time expenditures (5,8,9,130). 


Core Model Structure: Deterministic Interfaces, 
Time Delays, Stochastic Elements, Hormone 
Secretion, and Elimination 

Deterministic Interfaces 


Deterministic features of biological processes are 
critical in maintaining long-term system homeostasis. 
Here, deterministic denotes stable and generally repro- 
ducible input/output or cause-and-effect relation- 
ships. For example, extensive in vitro and in vivo 
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animal experiments establish that sequential signaling 
by the hypothalamic peptide, GnRH, and the pituitary 
glycoprotein hormone, LH, drives secretion of Te. The 
latter occurs via monotonic receptor-dependent and 
target-cell specific responses to the lutropic stimulus 
(1-3,45,132-140). The implicit relationship between the 
(time-integrated) input signal and the secretory 
response can be approximated algebraically via a 
simple four-parameter logistic-like function; for exam- 
ple, as used in assay data—reduction software (3,5,8,9). 
For example, the latter algebraic form encapsulates the 
feedforward action of LH on Te secretion and the feed- 
back of Te on GnRH release at the hypothalamic level 
(Fig. 7). This concept is extended for the trivariate 
GnRH/LH-Te interaction at the pituitary level to 
incorporate concurrent GnRH feedforward and Te 
feedback on LH, yielding a GnRH/LH-Te response 
surface (Fig. 7). 


Time Delays 


Interface functions within the interconnected GnRH- 
LH-Te axis operate after a relevant time delay, reflect- 
ing latencies inherent in the circulatory and cellular 
delivery of the effector hormone and unfolding of the 
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Figure 7 Illustrative dose-response functions encapsulating feed- 
forward (LH’s stimulation of Te secretion) and feedback (Te’s inhibition 
of GnRH-stimulated LH secretion) connections within the GnRH- 
LH-Te axis. Abbreviations: GnRH, gonadotropin-releasing hormone; 
LH, luteinizing hormone; Te, testosterone. Source: From Ref. 35. 


target-tissue response. The exact magnitude of such 
input-output latencies depends upon physical fac- 
tors; for example, the circulatory delay is brief (sec- 
onds) for brain GnRH to reach pituitary LH-secreting 
cells due to a short portal capillary system (2). The 
whole-body circulatory delay is somewhat larger for 
LH to reach the testis and penetrate the interstitium 
to stimulate Leydig cells. Target-tissue response 
delays are more complex and variable, since they 
reflect the emergence of multiple sequential and par- 
allel intracellular messenger pathways that supervise 
cellular changes (1-3,9). 


Stochastic Elements 


Measurements of GnRH, LH, and Te are confounded 
by experimental uncertainty (Fig. 8). In addition, there is 
preassay variability introduced by sample withdrawal 
and processing (nonuniform blood centrifugation, 
defibrination, serum separation, freeze-thaw artifacts, 
etc.). Estimates of the latter approach, in the range of 
3% to 12%, are based on the coefficient of variation 
(CV) of 50 to 300 replicate assays of a continuously 
infused hormone or long-lived stable serum compo- 
nents, such as calcium or albumin, sampled frequently 
(1,3,14). The analytical assay usually introduces an 
additional CV of 3% to 7% (79,80). 

Stochastic (random) variability also arises bio- 
logically. Hypothalamic pulses are generated episodi- 
cally; that is, sequential GnRH/LH pulse waiting times 
(interpulse intervals) are uncorrelated (141-143). 
Indeed, ApEn values of successive interpulse-interval 
lengths approach mean empirically random (as esti- 
mated by 1000 random shuffles of each sequence) 
(144,145). Accordingly, the GnRH _ pulse-generator 
system exhibits no evident memory for preceding 
pulse times. In this setting, one might utilize a classical 
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Figure 8 Schema highlighting various sources of random biologi- 
cal and experimental variations in an interlinked neurohormone 
system. 
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Poisson renewal (“counting”) process to encapsulate 
the GnRH pulsing mechanism (5). Sex-steroid negative 
feedback and/or 24-hour rhythmic variation of GnRH 
pulse frequency also occurs, however, thereby requir- 
ing a nonstationary Poisson model (1,3,5,14,133,137, 
138,140,146-148). 

The Poisson probability density is also con- 
strained by the equality of its mean and variance; i.e., a 
mean GnRH pulse frequency of 16 events per day has 
a Poisson-forced (definitional) CV of 25%. To address 
this limitation, the notion of a Poisson pulse generator 
can be extended to loosely coupled (rather than strictly 
independent) GnRH neuronal oscillators (149). This 
construction is modeled by the Weibull probability 
density, a member of the generalized Gamma function, 
which uncouples the mean pulsing intensity from its 
variance (8,9,144,145). Under simplifying conditions 
(gamma equals one), the Weibull distribution is equiv- 
alent to the classical Poisson density (5). The Weibull 
function thus accommodates a spectrum of interpulse 
variability (CV) at any given (probabilistic) mean fre- 
quency. This concept is important in explicating the 
anomalous pulsing behavior of GnRH/LH in the aging 
male (see below for further information). 

Stochastic contributions also probably arise at 
feedforward/feedback interfaces—that is, any given 
theoretical (idealized) dose-response function occu- 
pies a parameter probability space. This concept incor- 
porates expected variability in the micro- and 
macroenvironments of the secretory gland, circulation, 
and target organ; e.g., nonhomogeneous access of 
effector molecules to cells in the responding gland, 
unequal degrees of cellular reactivity to the effector 
signal, and variable stores of releasable and mobilized 
hormone. In this context, one can allow for some 
(1-3%) stochastic variability in the dose-responsive 
coupling of signals within an axis (3,5,8,9,144,145). 

Figure 8 summarizes the foregoing perspective of 
composite stochastic variability within the GnRH-LH- 
Te axis: experimental uncertainties in data collection, 
variability in GnRH pulse generator outputs, and 
nonuniformity of (idealized) feedback. 


Secretion and Elimination Properties 


Figure 9 highlights the concepts of distinct underlying 
secretory bursts giving rise to pulsatile serum hormone 
concentration profiles. For LH, GnRH is the unobserved 
proximate stimulus, which corresponds virtually one- 
to-one with LH-secretory bursts in the rat, monkey, 
sheep, and human (128,129,150-152). Thus, one can 
model observed serum LH pulse times as inherited 
from unseen GnRH signals with a finite time delay. 
Uncoupling of this GnRH-LH interface is a possible 
mechanism of hypogonadotropism, as demonstrated 
recently in the uremic male rat (149). 

Hormone release typically occurs as a variable 
admixture of basal and pulsatile secretory modes. Basal 
release represents a time-invariant (and presumptively 


less regulated) release process, which is minimal in 
some normal neuroendocrine systems (5,8,9). Pulsatile 
LH output reflects the stimulus-dependent rapid exo- 
cytotic discharge of prestored hormone granules, 
which output commingles with a slower rise and 
delayed fall in the rates of cellular gene transcription, 
de novo hormone biosynthesis, posttranslational pro- 
tein processing and packaging into secretory granules, 
and vectorial movement and subsequent extrusion of 
new granular contents (5,6,25,26). In gonadotrope cells, 
GnRH acutely stimulates LH synthesis and secretion 
by activating plasma-membrane adenylyl cyclase and 
phospholipase C, initiating calcium fluxes, driving 
protein kinase A- and C-dependent protein phos- 
phorylation and initiating gene transcription, while 
concurrently discharging immediately releasable 
(membrane-associated) LH-secretory granules (2,4, 
127,153). Although the entire cascade of signaling 
responses underlying granule exocytosis and LH bio- 
synthesis is not known (2), on modeling grounds, the 
authors approximate the aggregate process as a 
summed exponential (Fig. 9) (9). Thus, the resultant 
LH-secretory burst is expected to exhibit some asym- 
metry over time (3,5,6,9). 


Elimination of LH 


Empirical data for a wide variety of neurohormones 
suggest a nominally (multi-) exponential elimination 
process in vivo (1,3,154). This inference has been cor- 
roborated for LH by using direct intravenous injection 
of highly purified or rh LH in hypopituitary men 
(34,154) and leuprolide-downregulated normal volun- 
teers (Fig. 10) (125). Accordingly, to represent the joint 


INTUITIVE CONSTRUCT OF ADMIXED BASAL AND 
PULSATILE HORMONE SECRETION: 
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Figure 9 Mechanisms driving an LH-secretory burst: Prompt exo- 
cytosis of membrane-docked granules containing gonadotropins 
achieves immediate release of presynthesized LH molecules. 
Delayed granule mobilization and new granule formation via de novo 
glycoprotein—hormone biosynthesis serve to generate a delayed but 
confluent waveform of more prolonged and asymmetric LH secre- 
tion. Abbreviation: LH, luteinizing hormone. 
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Figure 10 Decay properties of rh LH injected intravenously as a 
square-wave pulse over six minutes in five leuprolide-downregulated 
healthy men given varying doses of rh LH (7.5, 15, 30, 50 and 75 IU) 
every two hours. The slower half-life component shows some con- 
centration dependency. Abbreviations: LH, luteinizing hormone; rh, 
recombinant human. Source: From Ref. 9. 


kinetics of hormone distribution and removal, one can 
use a simple biexponential algebraic function. In the 
hypopituitary human, mean half-lives of plasma- 
immunoreactive LH calculated following a bolus intra- 
venous injection of highly purified pituitary extracts 
approximate 18 and 90 minutes, with a fractional 
(rapid) contribution of 0.37 of the total decay ampli- 
tude (154). Comparable estimates are obtained in 
GnRH-agonist pretreated healthy men infused with rh 
LH (125). The apparent half-life of LH appears to be 
age independent, but increases at higher serum LH 
concentrations (6,8,9,125,144,154), possibly reflecting 
partial saturation of tissue removal and/or degrada- 
tive mechanisms. 


Feedback Signal Integration 


The coupling between hormones (e.g., Te acting 
negatively on GnRH output) is inferentially mediated 
via integral (time-averaged) and/or differential (rate- 
sensitive) signal processing. Whereas the stress- 
responsive ACTH-cortisol axis exhibits both integral 
and differential feedback (126,155), rapid (rate- 
sensitive) negative feedback has not been observed for 
Te on GnRH or LH secretion. Thus, one can visualize 
a time-averaged Te concentration as the negative- 
feedback signal on GnRH and LH synthesis and 
release. The exact time delays for these feedback loops 
are not yet established. Indirect estimates by cross- 
correlation analyses approximate 60 to 110 minutes 
for the time-delayed negative-feedback linkage 
between blood Te and LH concentrations in normal 
young men (156). By analogous calculations, the 
feedforward of LH on Te secretions requires 20 to 60 
minutes (52,57,156,157)._ Hypophyseal portal-vein 
catheterization studies suggest that GnRH-LH 
coupling evolves over a few minutes (1,2,128, 
129,150-152). 

Indirect (cross-correlation) analyses suggest that 
both the feedforward of LH concentrations on Te secre- 
tion and the feedback of Te concentrations on LH 
secretion are altered in the aging male (156). In particu- 
lar, feedforward of LH on Te appears to be attenuated 
(albeit of normal latency) and feedback of Te on LH is 
blunted but more rapid in older men. 


Coupling System Components 


The output of key regulatory loci (GnRH, LH, and Te), 
time delays, dose-response interface properties, and 
hormone-elimination features can be embedded in a 
set of relevant coupled stochastic differential equations 
(5,6,8,144,145). Statistical considerations establish that 
the foregoing system is mathematically consistent, and 
that mean, variance, and covariance estimates are 
asymptotically realizable by maximum-likelihood 
procedures (6). Thereby, one may calculate not only 
biexponential kinetics, but also basal, pulsatile, and 
total secretion in mass units normalized per unit distri- 
bution volume (see below). 
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Application of Dynamic Concepts to the 
Appraisal of LH Release in Healthy 
Young and Older Men 

Univariate LH Analysis 


To quantitate LH secretion and elimination, the authors 
studied healthy young (n=13) and older (n=13) men by 
sampling blood at 10-minute intervals for 24 hours 
(0800 to 0800 hours) (9,42,52). Sera were submitted to a 
robotics-assisted monoclonal two-site immunoradio- 
metric assay in duplicate (median within-assay CV 
5.2%). Since basal (nonpulsatile) LH-secretion rates are 
of unknown magnitude in the human, the authors 
tested three implicit algebraic constructs of basal 
release: (i) zero basal; (ii) a fixed percentage basal [11%, 
based on GnRH antagonist studies (39)]; and (iii) 
model-variable (analytically estimated) basal LH- 
secretion rate. For each representation of basal release, 
the estimated secretory burst mass was reduced signif- 
icantly in older men. Calculated endogenous LH kinet- 
ics (rapid and slower half-lives of elimination) and 
basal LH secretion were independent of age. Irregular 
LH-release patterns were visually evident in older 
men, which impression is quantifiable by ApEn analy- 
sis (Fig. 4A). Mean daily LH pulse frequency was ele- 
vated in aging individuals (p<0.01). Thus, older and 
young men secrete and eliminate an equivalent amount 
of LH daily, but older men do so in a more disorderly, 
high-frequency, and low-amplitude manner. 


Irregularity (Pattern-Sensitive) Analysis 


The irregularity of 24-hour serum LH concentration 
profiles in young and older men can be assessed by the 
regularity statistic, ApEn. ApEn is a family of three- 
parameter metrics (29,31,32,94,158). It quantitates the 
degree of sample-by-sample pattern regularity in time 
series, based onr (threshold for subpattern recurrence), 
m (pattern length), and N (series length). ApEn is 
applied to the observed (untransformed) or derivative 
(e.g., secretion-based) LH-release profiles. For exam- 
ple, deconvolution analyses of serum-hormone con- 
centration values may be used to create sample 
secretion rates, which are free of autocorrelation due to 
elimination and are typically stationary (i.e., show little 
drift of baseline). Data can be stationarized also by 
application of the heat equation (144). As noted in 
Figure 4A, LH ApEn values exhibit a vivid age con- 
trast, with higher mean ApEn signifying greater irreg- 
ularity in the older male. Based on analyses of simpler 
reductionistic mathematical systems and empirically 
based feedback experiments, ApEn serves as a barom- 
eter of changing strength and complexity of control 
signals in an interlinked axis (30-32,94,159). 

To assess the mechanism(s) underlying more dis- 
orderly LH release in the older male, one can also apply 
ApEn to the short reconstructed sequences of LH pulse 
mass and interpulse-interval values obtained by decon- 
volving a serum LH concentration profile (144,145). To 
normalize ApEn for unequal series lengths, the authors 
computed LH ApEn ratios (mean ratio of an observed 


ApEn value to that of 1000 randomly shuffled cognate 
series) (94). Ratios of unity therefore denote essentially 
random data. ApEn ratios of successive LH interpulse- 
interval series are nonunitary and statistically indistin- 
guishable in the two age groups. Mean ApEn ratios of 
ad seriatim LH pulse-mass estimates are significantly 
higher in older men (p<0.01). This contrast persists 
when sequential LH pulse-mass values are normalized 
to the preceding or following interpulse-interval length 
(144). Thus, the time evolution of amplitudes (mass) of 
LH-secretory bursts is more irregular or disorderly in 
older men, independently of their higher mean pulse 
frequency. 


Bivariate LH-Te Analysis 


Figure 11 illustrates synchrony assessment of paired 
serum LH and Te concentration profiles by cross-ApEn 
analysis (31). Elevated cross-ApEn values in older men 
denote the disruption of bidirectional linkages between 
the corresponding hormones. Moreover, cross-ApEn 
analysis also reveals age-related loss of coordinate 
oscillations in LH release and NPT (Fig. 4A), LH and 
FSH secretion (Fig. 4B), and sleep-stage transitions and 
Te output (Fig. 12). Such data collectively point to ero- 
sion of CNS-dependent control of neurohormone out- 
flow in the aging male. 


Trivariate GnRH-LH-Te Analysis 


A model of the interlinked (unobserved) output of 
GnRH and the (observed) secretion of LH and Te could 
also be evaluated via a modified Bayesian approach 
(5,6,8,9,144). This statistical tool imposes relevant prior 
probability constraints on the primary variables; for 
example, probabilistic half-lives based on the pub- 
lished kinetics of LH and Te (and their variances) 
(34,154,160-162). In addition, one could implement a 
statistically based (maximum-likelihood estimation) 
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Figure 11 Illustrative cross-ApEn analyses of paired 24-hour serum 
LH and testosterone concentration time series collected in 13 young 
and 13 older men. Cross-ApEn (X, ApEn) was calculated for feedfor- 
ward and feedback coupling. NS denotes P>0.05. Abbreviation: 
ApEn, approximate entropy. Source: From Ref. 39. 
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Figure 12 Cross-correlation plot relating sleep-stage transitions and (deconvolution-calculated) sample testosterone secretion rates in young 
(top) and older (bottom) men monitored simultaneously by electroencephalogram (EEG) and 2.5-minute blood sampling overnight. Deeper sleep 
correlates with greater testosterone secretion immediately and up to 22.5 minutes later in young, but not older, men. 


iterative peak identification algorithm to appraise the 
positions and numbers of putative GnRH- or LH-secre- 
tory bursts iteratively, while computing basal and pul- 
satile neurohormone secretion and endogenous 
biexponential kinetic values simultaneously (Keenan 
D, Veldhuis JD, unpublished observation). Validation 
of such methodologies will require both computer- 
assisted simulations and direct in vivo experiments. 


O PARADIGMS OF THE GnRH-LH-TE 
FEEDBACK SYSTEM CONTROL 


The mechanisms that mediate a reduction in LH pulse 
mass, an elevation in LH pulse frequency, and more 
irregular LH release in aging men are not known. 
Several clinical hypotheses of altered within-axis 
dynamics can be considered and tested provisionally 
using a computer-assisted feedback ensemble model 
(144). Feedback strength is modulated in an interactive 
biomathematical construct by adjusting the half-maxi- 
mally effective and/or maximal value(s) of the corre- 
sponding interface (dose-response) function, 
corresponding to the sensitivity (potency) and /or effi- 
cacy of the interaction. For example, simulations of 
random LH pulse trains followed by ApEn analyses 
can be implemented to appraise different postulates of 
reproductive aging in the male: (i) augmented Te nega- 
tive feedback on GnRH/LH; (ii) blunted LH feedfor- 
ward on Te (reduced maximum of LH-Te interface); 
(iii) elevated mean GnRH pulse-generator rate; (iv) 
attenuated Te feedback on LH; and (v) heightened Te- 
GnRH/LH feedback along with simultaneously 
impaired LH-Te feedforward (Fig. 13) (144). Among 
the foregoing constructs, only the models of restricted 
LH-Te feedforward and impeded Te-GnRH/LH feed- 
back mimic the observed elevation of LH and Te ApEn 
and LH-Te cross-ApEn in older men (31,52). 


Accentuated or blunted feedback inhibition of 
LH secretion by Te may operate in aging men, as 
inferred from the effects of pharmacological delivery 
of single doses of Te or its 5 alpha-reduced metabolite 
(2,156,163,164,172,173). Dose-responsive feedback 
analyses, however, are lacking. Plasma total, free, and 
bioavailable Te concentrations fall progressively in the 
older male (52,61,64,165-169). The fall would reduce 
effectual androgen-dependent negative feedback on 
GnRH/LH release. Androgen-receptor activity may 
also change with aging in a tissue-specific manner 
(170). Model predictions are that LH ApEn and LH-Te 
cross-ApEn rise in the androgen-withdrawn context 
(36,144). This forecast is supported by experiments in 
eugonadal young men, in whom acute blockade of 
Leydig cell and adrenal steroidogenesis increases LH 
ApEn (33,34). Withdrawal of negative feedback in the 
renin—angiotensin and growth hormone insulin-like 
growth factor-I axes also evokes greater secretory 
irregularity of the cognate hormones (29,97). Therefore, 
further studies will be required to appraise the role of 
hypoandrogenemia in healthy older men in mediating 
more irregular LH release. 


O UNRESOLVED NEUROENDOCRINE 
MODELING ISSUES 


Table 2 highlights selected unresolved issues in 
the dynamic control of the male GnRH/LH/Te and 
GnRH/FSH/inhibin B axes. More refined constructs 
will be required to explore pathophysiological feed- 
forward/feedback activities in the joint systems; to 
define the nature of their interactions; and to predict 
the impact of possible age-related drift in dose- 
response parameters on the pulsatile, entropic, and 
24-hour rhythmic control of GnRH, LH, and Te 
secretion. 
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Figure 13 Impact of putative age-related network perturbations on ApEn and cross-ApEn measures of LH- and Te-secretory profiles. Computer- 
simulated pulse trains were driven by a dynamic feedback- and feedforward-coupled construct of the interactive GnRH—LH-Te axis (Fig. 8). 
Columns denote LH ApEn, Te ApEn, and LH—Te cross-ApEn. Each row of panels depicts frequency histograms for 300 independent simulations. 
The respective hypotheses tested include (topmost to bottom rows): basal (control, default parameter) conditions; increased testosterone 
feedback on GnRH/LH (T Te); reduced LH feedforward on testosterone (J LH); accelerated GnRH pulse frequency (1 GnRH); decreased testo- 
sterone feedback on GnRH/LH (J Te); and jointly heightened testosterone feedback on GnRH/LH and blunted LH feedforward on Te. Reduced 
feedback of Te on GnRH/LH and/or impaired LH feedforward on Te predict elevated LH ApEn, Te ApEn, and LH—Te cross-ApEn. Abbreviations: 
ApEn, approximate entropy; GnRH, gonadotropin-releasing hormone; LH, luteinizing hormone; Te, testosterone. Source: From Ref. 144. 


O SUMMARY 


Neuroendocrine systems maintain physiological 
homeostasis by intermittent signaling to remote 
glandular sites (1,3,36,171). According to this thesis, 
the pathophysiology of the male gonadotropic axis 
as a whole cannot be understood by appraising its 


individual components in isolation. The present chap- 
ter illustrates the foregoing interactive concept for the 
dynamic ensemble of hypothalamic GnRH-secreting 
neurons, anterior-pituitary gonadotropes, systemic 
negative feedback by Te on GnRH and LH, and feedfor- 
ward by LH on Leydig cells. Specific dose-responsive 
interfaces and time delays couple the foregoing 
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Table 2 Selected Unresolved Neuroendocrine Modeling 
Issues in the Male 


What are the time delays for GnRH, LH, and/or testosterone 
feedforward and feedback? 

What is the magnitude of “system noise” (or unexplained 
biological variability) for selected feedforward and feedback 
interfaces? 

What are the stochastic properties of the pulse-generator 
mechanism? 

What is the ensemble time profile generated by the “cascade” of 
target-tissue responses elicited by an input (feedforward or 
feedback) signal? 

What are the consequences of simultaneous changes in 
feedforward and feedback signaling? 

What is the mechanistic basis for the (multi-) exponential form of 
LH (or GnRH and testosterone) disappearance from plasma? 


Abbreviations: GnRH, gonadotropin-releasing hormone; LH, luteinizing 
hormone. 
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O APPENDIX 


Below, we present a summary of our biomathematical 
model of the hypothalamo-pituitary-testicular axis: 
the core model structure discussed in “Core Model 
Structure,” p. 40. The full details are given in Ref. (4,8). 
In the schematic diagram of the axis given in Figure 6, 
the arrows denote the various feedback (—) and feed- 
forward (+) interactions, enumerated as (1)-(7). The 
basic formulation of a feedback/feedforward signal is 
as a time-delayed, time-averaged concentration, with 
the time delay interval being denoted by (L, L): 


tl, 


tl, 
f Y(r)dr = a J Y(rn)dr (feedback or feedforward 
H, th signal at time t) 


where Y(r) is a hormone concentration at time r. We 
will denote a given concentration at time t as X (t), in 
particular, X_(#), X,(t), X,,(t) are the concentrations of 
GnRH (G), LH (L), and testosterone (Te). Similarly, a 
secretion rate at time ¢ will be denoted by Z(t), for 
example, Z(t), Z,(t), and Z(t) are the the correspond- 
ing secretion rates. 

We consider the feedback/feedforward effects 
(discussed in “Deterministic Interfaces,” p. 40) to be 
exerted via dose-response functions [denoted by 
H(-)’s]. Subscripts (e.g., H, ,) correspond to the feed- 
back/feedforward relationships [(1)-(7)] given in 
Figure 6, and the time-delays (see “Time ee p- 41) 
for the j-th relationship are denoted as (I.,, Lz >). We 
allow four major feedback/ feedforward dose- 
response functions: H, ,(-), which describes the GnRH 
pulse firing rate as a joint function of Te feedback and 
GnRH auto-feedback; H,(-), which gives the rate of 
GnRH pulse-mass accumulation as a function of Te 
feedback; H,(-), which defines the rate of Te secretion 
as a function of LH feedforward; and, H}, (+ +) for the 
rate of accumulation of the LH pulse mass as a func- 
tion of Te feedback and GnRH feedforward. Interaction 
(7), not described by a dose-response function, denotes 
a refractory period for LH pulsing, described below. 

We model the above feedback interactions [except 
for (7)] using empirically determined logistic dose- 
response functions (“Deterministic Interfaces,” p. 40): 


= C 
H(x,) 1+exp{-(A+B,x,)} +D, 


for interactions (3) and (4) 


= C 
H(x x,) 1+exp{-(A+B,x, +B,x,)} +D, 


for interaction (5,6) 


or where the coefficients themselves are described by 
logistic functions, for example, 


C(x,) 


A(x, x) = 1+exp{-(A+B,x,)} 


+D(x,), for interaction (1,2) 


If B, > 0, the feedback is positive (i.e., feedforward 
effect); if B, < 0, the feedback is negative. 


Pulse Generator (See “Stochastic 
Elements,” p. 41) 


We assume that GnRH signaling dictates the pulse 
times for LH after a finite time delay 1,, reflecting 
hypothalamo-pituitary portal blood transit, and a post- 
stimulus refractory interval, r,, when further GnRH 
inputs are ignored. Thus, there will be two correspond- 
ing sets of pulse times: T?, T}, T2,...and T?, T}, Tj, ... 
Let in vivo T =T, +1, and define recursively 


" j j k-1 
Z Minli |T > T) +r, 


One Ese for the pulsing mechanism, is that the 
conditional probability density for TÉ, given T; , isa 
Weibull distribution: 

k- Y 

pe ITE =yx A-T exp ET 

The parameter A is a rate, expressing expected 
number of pulses/day, and y a scale parameter. The 
pulse times form a Weibull renewal process. The 
homogeneous Poisson process is the special case of 
y= 1. For y> 1 in the Weibull distribution, variability 
is less than that for the Poisson process. Thus, y 
inversely defines the degree of variability of the inter- 
pulse interval lengths. If one wishes to allow for Te 
and GnRH feedback modulation of the “pulsing inten- 
sity,” then the constant À, above, needs to be replaced 
by A(-), now a (random) process, which implements 
such modulation: 

(tL, 
a eS od 


-ha 
and the conditional probability density for TÉ given 


At) = H,, f ALa 
TÉ * will then be given by: 


(tl 12) 


Y 


= Jamar 
exp ™' 


y-1 


p (s ITE, AC) = yX Als) 


f A(r)dr 
Te. 


with associated counting processes: 


ot 


N(t) = Liri <t) iTi <t 


and N,(t)= 2i 
= 


j=0 


In [4,8], this formulation of the pulse generator is fully 
developed and discussed. 


Pulsatile (GnRH, LH) and Continuous 
(Te) Secretion 


We assume that for each hormone that there are both 
basal and nonbasal rates of hormone synthesis. The 
basal rate B is assumed to be constant. The nonbasal 
rate of synthesis S(-), however, will be feedback/ 
feedforward modulated, and can be released continu- 
ously, or accumulated and released in a pulsatile 
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manner. The gonad cells do not accumulate hormone 
granules, but always allow newly synthesized unen- 
capsulated hormone to pass directly through the 
membrane with only diffusion delays, resulting in a 
continuous release of non-basal synthesis. GnRH (G) 
and LH (L) mass, however, are released in a pulsatile 
manner. We will represent a pulse at time t, having 
started at pulse time Ti, by a function M' x y(t-T’), 
where M is the pulse mass, and the pulse shape, y(-), 
represents the instaneous rate of secretion per unit 
mass per distributional volume: 


B® 
is) = i Mg 8) S 
r(e) (Be) P 


In [8], we show that the mathematical effect of cas- 
cadingtarget-tissue reactions to a signal input is 
(approximately) the multiplication of the initial feed- 
back/feedforward signal by a linear combination of 
exponential functions, which allows ongoing glandu- 
lar responses after the signal is withdrawn. In particu- 
lar, we denoted cascading effect due to the GnRH 
feedforward on LH, by I’, (-). Hence, synthesis (S) for 
GnRH and LH are represented by: 


(B® B®) Tlr (5/62) 8° [i=G,L] 


Synthesis (S) 


The “average” or expected synthesis: [H(-)], for given 
feedback/ feedforward strengths, plus allowable varia- 
tion (6) (see “Stochastic Elements,” p. 41). 


THO- t—le1 


y; Se. (s)ds 


Nit 


5.0 = H,, f X¢(s)ds x Telt- T) 


pM 


1 52 


+&(t) [LH synthesis] 
tly, 


S(t) = H, f X_,(s)ds|}+€-(t) [GnRH synthesis] 


3,2 


An important component of the above model is the 
allowance for variation (€) in LH and GnRH synthesis, 
which results in allowable variation in the pulse masses 
(A, below). 


j-th Pulse Mass 


Accumulation of Mass (Q), Fraction Remaining of 
Previous Pulse Mass (¥), and resulting next Pulse Mass 
(M), and i=G, L: 


T! 
Q! = fs (t)dt [accum. of newly synthesized hormone 
T;-1 


granules] 
T, 
P(T! yD) =1 slit T) ds (fraction of mass remaining 
T-1 for later secretion) 


MİL =Y : ene TİME "+Q) (j-th GnRH pulse mass) 


MÍ =, (T!",T!) MÍ" +Q! (j-th LH pulse mass) 


Te Synthesis: 


tly, 


S H f X,(s)ds 
tl, 


Te(t) — 44 


The resulting hormone secretion rates are then 
given by: 


= j j j jl 
Zo(t) = Bo + Mo Yolt-Te) for TL = t< Tg 


Z(t) = B, + MÍ y(t-T) for TÍ < t< T 
t-l; 


Z(t) = Br, + Ay f X, (s) ds 


4,2 


Secreted molecules undergo combined diffusion 
and advection in the bloodstream at very rapid rates 
(short half-life component, a), and are removed more 
slowly but irreversibly (long half-life component, ©,), 
resulting in the following biexponential elimination 
model for hormone concentrations: i=G, L, Te 


t 
nc) So s 
@e ‘\ xo) +f (ae oA 
0 


1 


ay -at 
X(t)=ļ|a e i + 
i i 


+ a® e“ 9) 7 ar 


What one then observes is a discrete-time sam- 
plingof these processes, plus joint uncertainty due to 
blood withdrawal, sample processingand hormone 
measurement errors, €,(k): 


Yk) IE X(t) + elk, k=1,....0, i=G,L,Te. 


Application of the Model to Pulsatile Data 


Without going into detail, in (6,7,9,144) the authors 
have developed methods to estimate, from observed 
concentration pulsatile data, the above described 
pulse times and the various LH secretory and kinetic 
parameters (see “Application of Dynamic Concepts,” 
p.44).Similarly,ifGnRH concentrations were observed, 
the GnRH secretion and elimination parameters could 
be estimated. In this approach, the pulse times are first 
estimated, and the LH secretion and elimination 
parameters are then estimated, conditioned on the 
pulse times. The following linear approximation to the 
LH secretion rate is the basis for the procedure: 


Z,()=B,+ © (mortm X(T) — TE) +A) y, (tT!) 
Ti<t 


The j-th pulse mass is assumed to be a linear func- 
tion of the interpulse length, plus allowable variation 
in pulse mass: Aj. 

At present, the authors are developing meth- 
ods for jointly estimating the LH and testosterone 
secretory and kinetic parameters, in particular the 
modulation of testostrone secretion by the LH feed- 
forward signal. 
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O OVERVIEW 


Commencing at the early phase of puberty and con- 
tinuing throughout life into old age (1-3), spermato- 
genesis is a dynamic, complex process of germ-cell 
proliferation and maturation that is dependent upon 
extrinsic hormone support and local cellular interac- 
tions—many of which, thus far, remain to be defined. 

In histologic sections of the seminiferous tubules 
in man, the seminiferous epithelium is a tall, stratified 
epithelium up to 80 um in depth, and its total volume 
occupies about half the volume of the entire testis. The 
stratified appearance is attributable to the layered 
arrangement of germ cells, commencing with those 
resting on the basement membrane (spermatogonia) 
followed by several layers of growing spermatocytes 
and spermatids, and toward the apical regions of the 
epithelium, the elongated spermatids and fully formed 
spermatozoa. 

Support for this elaborate stratification is pro- 
vided by the tall, columnar Sertoli cells that extend 
from the base of the epithelium and terminate at the 
luminal margin (Fig. 1). It is the function of the Sertoli 
cells not only to provide physical support to the germ 
cells as they ascend apically through the seminiferous 
epithelium, but also to provide crucial functional 
support to spermatogenesis through their metabolic 
secretory activities. Regulation of spermatogenesis 
occurs via the actions of gonadotropins and steroids, 
but this is, in a sense, merely the first of many other 
mechanisms operating within the seminiferous epithe- 
lium and is reflected by the intimate association of 
germ cells with the Sertoli cells (Figs. 2-4). The neces- 
sity for local regulatory mechanisms that govern the 
process of spermatogenesis can be inferred from the 
synchronous development of the germ cells into six 
defined histological stages in man (Fig. 5) that are 
initiated by the controlled proliferation of spermato- 
gonia that eventually produce young spermatocytes. 
These germ cells are destined to produce spermatozoa 
over a time period that is fixed for each species (about 
10 weeks from spermatogonium to spermatozoa in the 
human male) (5). 

Although the proliferation and morphogenesis 
of germ cells is dependent upon their own transcrip- 
tional and translational activities, the germ cells can 
only develop in association with the physiological 


environment that is created within the seminiferous 
epithelium by the Sertoli cells (4,6). How this is 
achieved at the cellular and molecular level is not fully 
understood and is the subject of ongoing investigations 
into the roles of androgens (7), follicle-stimulating hor- 
mone (FSH) (8), the androgen receptor (AR) (9-13), 
and improved in vitro isolation techniques suitable for 
molecular studies (14). In keeping with the fact that the 
germ cells are constantly but slowly changing their 
morphology in a dynamic, maturing epithelium, the 
Sertoli cells also show cyclic changes in ultrastructure 
(15,16) and function (4,17). The question can thus be 
posed, is it the Sertoli cells or the germ cells that regu- 
late the order and coordination of germ-cell mitosis, 
meiosis, and sperm formation during spermatogenesis? 
Recent studies with xenotransplantation of germ cells 
(rat or hamster testis cells transplanted to mouse testes 
or mouse testis cells to rat testes) have shown that 
xenogenic germ cells are capable of populating recipi- 
ent testes and undergoing normal spermatogenesis, 
leading to the formation of spermatozoa. The time 
period required for donor germ cells to complete sper- 
matogenesis appeared to be identical to that associated 
with the normal in vivo donor germ-cell cycles. This 
observation indicates that in the environment afforded 
by the external-recipient Sertoli cells, the donor germ 
cells control their own fate with passive support from 
Sertoli cells (18-20). 

Insummary, it seems that spermatogenesis is a con- 
servative, programmed process that relies on the Sertoli 
cells as transducers of the hormone signals attributable 
to the gonadotropins and androgens that are the princi- 
pal stimulatory agents for normal testicular function. 


O SPERMATOGONIA: THE SOURCE 
OF NEW GERM CELLS 


Spermatogonia consist of germline stem cells that are 
self-renewing, as well as a class of spermatogonia that 
act as differentiating germ cells, further dividing and 
eventually maturing into spermatozoa. Maintenance 
and renewal of a stock of spermatogonial stem cells is 
obviously a prerequisite for the continuity of sper- 
matogenesis. The cytological characteristics and kinetic 
properties of spermatogonia in mammals and in man 
have been extensively studied, and several recent 
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reviews are available (21-26). Studies by Clermont of 
the human seminiferous epithelium and, in particular, 
the spermatogonia (27,28) provided the first definitive 
characteristics of their morphology and kinetics of 
proliferation. Three main types are recognized: two of 
type A and one of type B. Type A dark (Ad) spermato- 
gonia exhibit dark-staining chromatin in the nucleus 
with a central pale area. Type A pale (Ap) cells have 
pale-staining nuclei with one or two nucleoli associated 
with the nuclear membrane. The type B spermatogonia 


Figure 2 Human seminiferous epithelium at stage |. Abbreviations: 
Ad (arrow), type A dark spermatogonium; B, type B spermatogo- 
nium; E, elongating spermatids; N, Sertoli cell nuclei; P, pachytene 
primary spermatocytes; R, round spermatids. 


Figure 1 Schematic of a small segment of a human seminiferous 
tubule showing the germ cells associated with a Sertoli cell at stage | of 
the cycle of the seminiferous epithelium. The Sertoli cell creates a 
special physiological environment that simultaneously supports the 
germ cells as they undergo mitosis (the basal spermatogonia), meiotic 
maturation (the spermatocytes), and spermiogenesis (round and elon- 
gating spermatids). The rate and synchrony of germ-cell development is 
intrinsic to the germ cells, suggesting that although the germ cells are 
dependent on Sertoli cells for nutritional and physical support, their 
patterns of gene expression operate autonomously. Note cytoplasmic 
bridges that connect B spermatogonia, spermatocytes, and spermatids, 
indicating synchronous development of conjoined clones of germ cells. 
Specialized tight junctions (arrows) are created in the basal region of 
Sertoli cells at the sites of apposition of adjacent Sertoli cell plasma 
membranes. Junctional specializations form the so-called “blood-testis” 
barrier. Abbreviations: Ad, spermatogonia type A dark; Ap, spermato- 
gonia type A pale; B, spermatogonia type B; ES, elongating spermatids; 
P, pachytene primary spermatocytes; RS, round spermatids. Source: 
From Ref. 4. 


that arise by mitosis from the Ap type show a granu- 
lated nuclear chromatin and a nucleolus (Fig. 6). 

The major functions of the spermatogonia are: (i) 
to act as self-renewing stem cells, (ii) to proliferate by 
mitosis to amplify their numbers, and (iii) to differenti- 
ate into cells that are committed to supply germ cells 
that proceed into the meiotic maturation pathway. The 
last characteristic defines the type B spermatogonia 
that divide once by mitosis to produce a pair of young 
primary spermatocytes. 


ia Nal ¢ if r p) a 2 
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Figure3 Human seminiferous epithelium at stage V (middle). Human 
seminiferous epithelium at stage IV (right). Abbreviations: Ap, type A 


pale spermatogonium; E, spermatocytes, elongating spermatids; 
L, leptotene; P, pachytene. 


Figure 4 Human seminiferous epithelium at stage II. Mature sperm 
(arrows) to be released into the tubule lumen. Abbreviations: P, 
pachytene primary spermatocytes; R, round spermatids; S, Sertoli 
cell nuclei. 


The role of the type A spermatogonia in relation 
to the first two functions is not absolutely clear. Various 
models of spermatogonial proliferation have been 
proposed (27,28). Based upon the measured propor- 
tions of Ad:Ap:B:early-spermatocytes being 1:1:2:4, 
one such model has proposed that Ad spermatogonia 
are the stem cells that were once capable of two types 
of “equivalent” mitoses—that is, they produced either 
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Figure 5 Comparison of the organization of germ-cell associations 
or stages (Roman numerals) in most mammals (upper) and in man 
and some primates (lower) when viewed in intact seminiferous 
tubules. In mammals, the stages usually succeed each other, forming 
the “wave of the seminiferous epithelium.” In man, the stages often 
are irregularly distributed but occasionally show an ordered pattern 
along the broken line that in three dimensions conforms to a gyrating 
helical path along the tubule. When viewed in transverse histologic 
sections, the common mammalian pattern reveals the whole 
seminiferous epithelium at one of the stages. In contrast, the human 
seminiferous tubule usually shows two or more stages, giving the 
impression of an irregular organization of germ-cell stages. 
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Figure 6 Photomicrographs of the cell types of the human seminif- 
erous epithelium illustrating the sequence of spermatogenesis that 
requires about 10 weeks for completion. Abbreviations: Ad, type A 
dark spermatogonium; Ap, type A pale spermatogonium; B, type B 
spermatogonium; Div 1, first maturation division; Div 2, second mat- 
uration division; EP, early pachytene spermatocyte; II, secondary 
spermatocyte; L, leptotene spermatocyte; LP, late pachytene sper- 
matocyte; m, mitosis; MP, mid pachytene spermatocyte; PL, prelep- 
totene spermatocyte; RS, round spermatid; S, Sertoli cell proliferation; 
Sa, spermatid with acrosomic vesicle (cap to acrosome phase); Sb1, 
spermatid with developing acrosomic cap; Sb2 and Sc, Spermatids 
showing elongation, condensing nucleus, and flagellum; Sd1 and 
Sd2, spermatids with full flagellum and discarded excess residual 
(R) cytoplasm; Z, zygotene spermatocyte. 


a pair of Ad or a pair of Ap spermatogonia. The latter 
then produced a pair of B spermatogonia by mitosis, 
which in turn divided to yield a pair of young sper- 
matocytes. With further studies of spermatogonia in 
primates that also have type A and B cells, the notion 
that type Ad spermatogonia qualify as stem cells rather 
than the Ap type has been questioned. Type Ad sper- 
matogonia rarely divide and in fact remain quiescent 
except, for example, after irradiation of the testis, at 
which point they resume activity if the numbers of 
type Ap spermatogonia are depleted (29). The acti- 
vated Ad cells are reported to transform into Ap type 
spermatogonia, which then divide further. In man, 
type Ap spermatogonia (but not Ad cells) persist after 
radiotherapy, estrogen therapy, and in cryptorchid 
testes (30,31). In monkeys, type Ap spermatogonia may 
transform into Ad spermatogonia, suggesting that the 
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latter are set aside as a stock of nonproliferative stem 
cells (32,33). Current opinion favors type Ad spermato- 
gonia as reserve stem cells. 

Studies of the cytological arrangements of 
spermatogonia in the seminiferous epithelium of mice 
and rats have shown that the most primitive types of 
spermatogonia are not randomly dispersed along the 
basement membrane, but are topographically posi- 
tioned in niches (34,35). Such niches represent micro- 
environments in which the cell population and their 
extracellular matrices consist of a subpopulation of 
stem cells and their progeny, both of which are regu- 
lated with regard to their proliferative activity and 
maturation. The existence of spermatogonial niches 
suggests one mechanism for the highly localized con- 
trol of germ-cell differentiation that leads to the histo- 
logically recognizable coordination of spermatogenesis 
around the circumference and along the axis of the 
seminiferous tubules. A balance between the renewal 
of spermatogonial stem cells and their differentiation 
is required for cyclic waves of spermatogenesis, and an 
obvious candidate that participates in maintenance of 
these activities is the Sertoli cell. Recent studies in mice 
indicate that Sertoli cells express Ets-type transcription 
factors that are essential for self-renewal of spermato- 
gonial stem cells (36). 

When type Ap spermatogonia divide to produce 
germ cells that are committed to enter the process of 
spermatogenesis (i.e., cells destined to form sperm), 
cytokinesis is incomplete, forming two daughter cells 
that are interconnected by a cytoplasmic bridge. The 
pair of conjoined spermatogonia remains linked such 
that when required to divide again to form type B sper- 
matogonia, for example, a chain of germ cells is gener- 
ated, each connected by intercellular bridges. Exceptions 
to this arrangement are the stem cells that do not have 
bridges. Bridges are believed to allow exchange of gene 
products to produce “clones.” The clones further 
mature and divide during spermatogenesis, but they 
remain interconnected and therefore develop in syn- 
chrony until their morphogenesis is complete and 
spermatozoa are fully formed, at which point their 
extremely slender bridges are broken. Individual sperm 
are then released from the seminiferous epithelium into 
the lumen of the seminiferous tubule. 

In view of the coordination and synchrony of 
germ-cell clones that proceed through spermatogene- 
sis that explains the arrangement of defined histo- 
logical stages (Fig. 5), there must be mechanisms that 
operate to ensure that suitable numbers of germ cells 
are maintained in the seminiferous epithelium. 
Significant reduction of their numbers will impact neg- 
atively on daily sperm production and fertility, whereas 
overproduction of germ cells cannot be sustained by a 
fixed Sertoli-cell population. Cell death during human 
spermatogenesis is a significant event, contributing to 
homeostasis within the seminiferous epithelium. In 
the past, it was believed that germ-cell death accounted 
for the comparatively poor efficiency of sperm pro- 
duction in man—in contrast to other primates and 


mammals (37-40). More recent studies have shown 
that this concept is incorrect. Extensive quantitative 
analysis of the numbers of germ-cell types and Sertoli 
cells in rodents, numerous primate species, and in man 
has shown that the efficiency of spermatogenesis in the 
human testis is comparable with most other species 
(41-44). Apoptosis is the mechanism by which abnor- 
mal or excessive numbers of germ cells are eliminated 
from the seminiferous epithelium, with the products of 
cell degeneration being disposed of by the phagocytic 
activity of the Sertoli cells. Although apoptosis can 
occur at any step during spermatogenesis, germ-cell 
death occurs more frequently at the early phases of cell 
division and this includes the spermatogonial popu- 
lation (45,46). The impact of apoptosis occurring 
spontaneously or following experimental induction in 
spermatogenesis is discussed in several reviews (47-49). 
The factors responsible for initiating spontaneous 
apoptosis among spermatogonia or other germ cells 
remain unknown, but evidence gained from transgenic 
or gene-knockout studies suggests that many genes 
encode for cell death or survival. Genes regulating 
spermatogonial survival include the Bcl-2 family, in 
which some members favor cell survival and are 
termed antiapoptotic (Bcl 2, Bcl-x, and Bcl-w) while 
others promote cell death and thus are proapoptotic 
(Bax, Bak, Bad, and Bim). It is thought that the ratio of 
these competing proteins determines the susceptibility 
of spermatogonia to death (49,50). In humans, the 
incidence of spermatogonial apoptosis is reported to 
be significantly greater in Asian than in Caucasian 
subjects (46), and similar trends occur in these groups 
for spermatocyte and spermatid apoptosis. 

In addition to the primary actions of gonado- 
tropins and androgens on spermatogenesis (see below, 
“Hormone Regulation”), the regulation of spermato- 
gonial kinetics is crucially dependent upon local 
growth factors and paracrine and autocrine activities. 
Three such examples are vitamin A, stem-cell factor 
(SCF), and glial cell line-derived neurotropic factor 
(GDNF). Exogenous vitamin A or retinoic acid treat- 
ment stimulates type A spermatogonial proliferation 
following mitotic arrest induced by experimental vita- 
min A deficiency (51). SCF, produced by the Sertoli 
cells, is a mitogen and survival factor for spermatogo- 
nia acting through a membrane receptor termed c-kit; 
disruption of SCF action prevents spermatogonial 
mitoses (52,53). GDNF, a member of the TGF-f family, 
is secreted by Sertoli cells. In transgenic mice with 
decreased GDNF expression, spermatogonia fail to 
proliferate, resulting in Sertoli cell-only seminiferous 
tubules (54). 


O SPERMATOCYTES: THE KEY TO 
GENETIC DIVERSITY 


Mitosis of type B spermatogonia results in the produc- 
tion of two primary spermatocytes that proceed 
through the process of meiosis, in which each of them 


divides to produce two secondary spermatocytes, each 
dividing again to yield four spermatids. Meiosis is fun- 
damentally important for the survival of a species since 
it allows genetic recombination, thus guaranteeing 
biological diversity among progeny. Further, meiosis 
provides a mechanism to create haploid gametes con- 
taining a 22,X or 22,Y chromosome complement. Meiotic 
maturation of spermatocytes is highly conserved in 
evolution, involving chromosome pairing, exchange of 
genetic material between homologous chromosomes, 
and the generation of haploid gametes that occur in 
single-cell eukaryotes and metazoans. 


Preleptotene Stage 


The first phase in the life of a primary spermatocyte 
begins when it loses contact with the basement mem- 
brane of the tubule and with subsequent maturation 
enters the “adluminal” compartment of the semi- 
niferous epithelium; that is, facing the lumen of the 
seminiferous tubule. This domain is thought to be 
physiologically distinct from the basal compartment, 
which is created between the basement membrane and 
the inter-Sertoli cell tight junctions (blood-testis 
barrier) that are found on the luminal side of the sper- 
matogonia and the earliest primary spermatocytes 
(Fig. 1). Designated as preleptotene primary spermato- 
cytes, these germ cells engage in DNA synthesis (for 
the last time in spermatogenesis), and each chromo- 
some is duplicated to form twin copies termed sister 
chromatids. Thus, the chromosome number remains 
diploid (2n), but the DNA content is doubled (4C) com- 
pared with the amount found in the spermatogonia. 
Preleptotene primary spermatocytes have finely gran- 
ulated chromatin uniformly distributed throughout 
the nucleus. From the preleptotene stage, the sper- 
matocytes enter the long period (3.5 weeks in man) of 
meiotic maturation, and each step of their evolution 
can be distinguished by their distinctive nuclear mor- 
phology and gradual increase in size up to the first 
meiotic division (Figs. 5 and 7). 


Leptotene Stage 


With the appearance of fine chromatin filaments in the 
nucleus, the spermatocyte is then classified as a lepto- 
tene (thin and thread-like) type, and this marks the 
commencement of the long prophase of the first meiotic 
maturation division. Gradual swelling of the nucleus 
and the thickening of the chromatin threads is charac- 
teristic of the zygotene (pairing) step, in which homolo- 
gous chromosomes become synapsed and remain 
closely associated by the synaptonemal complexes. The 
latter are microfibrillar protein complexes (unique to 
germ cells) that eventually extend the entire length of 
each male and female homolog in each bivalent. 


Pachytene Stage 


Increasing in volume again as the zygotene step proceeds 
into the pachytene (large size) step, the chromosomes 
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Stage VI 


Stage IV 


Figure 7 Photomicrographic reconstruction of stage IV and stage VI 
of the cycle of the seminiferous epithelium in man. As seen in histo- 
logic sections, each stage is a “snapshot” of the cell types that make 
up a defined sequence of cellular associations that may succeed one 
another in time in a given area of the seminiferous tubule. The post- 
spermatogonial germ cells are constantly but slowly evolving through 
the process of meiotic maturation, followed by the differentiation of 
early spermatids into spermatozoa. In stage VI, some late LP can 
occur in conjunction with secondary spermatocytes (Il), reflecting the 
continuum of germ-cell development that occurs within a cytologi- 
cally defined stage. Accompanying these cytological changes, the 
Sertoli cells also show dynamic, cyclic changes in morphology that 
reflect alterations in their function in response to hormone stimula- 
tion and local interactions with the cohorts or families of germ cells 
that each Sertoli cell supports from the basal lamina to the lumen of 
the tubule. Stages IV and VI each last for about 24 hours, but it takes 
around five days for germ cells at stage IV to transform into those 
recognizable as stage VI. The duration of one series of six stages (I-VI) 
or of one cycle of the seminiferous epithelium is about 16 days. 
Completion of spermatogenesis—that is, from the first time that a 
spermatogonium divides up to the formation of a mature spermato- 
zoon—requires slightly more than four repetitions of the cycle. 
Abbreviations: Ad, type A dark spermatogonium; Ap, type A pale 
spermatogonium; II, secondary spermatocyte; L, leptotene sperma- 
tocyte; LP, late pachytene spermatocyte; MP, mid pachytene sper- 
matocyte; S, Sertoli cell; Sb2 and Sc, spermatids showing elongation, 
condensing nucleus and flagellum; Z, zygotene spermatocyte. 


become characteristically condensed, thickened, and 
shortened. Crossing over or exchange of genetic mate- 
rial occurs during the long pachytene step (approxi- 
mately 16 days) to ensure genetic reassessment between 
male and female homologs ina process termed “genetic 
recombination.” The number of chromosomes in com- 
bination with the many recombination sites between 
them ensures that germ cells emerging from meiosis 
have many millions of slightly different genotypes, all 
of which are related. 

The process of independent assortment of chro- 
mosomes that occurs when each primary spermatocyte 
divides at the end of meiosis to create two secondary 
spermatocytes also increases the genetic diversity 
among the gametes. 
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DNA Repair 


DNA repair is an essential activity during the meiotic 
recombination process. During homologous recombi- 
nation, a single DNA strand of one chromatid is paired 
with one of the two strands of a nonsister chromatid; 
this paired stretch may contain mismatches that must 
be recognized and repaired by a mismatch repair 
system (55). Meiotic recombination in germ cells (cross- 
overs between nonsister chromatids) requires similar 
mechanisms of breaking and ligation of DNA mole- 
cules and proteins that mediate recombination between 
sister chromatids during double-strand break (DSB) 
repair in somatic cells. During meiotic prophase, the 
DSBs are repaired in a controlled manner by specific 
topoisomerase, an enzyme conserved from yeast to 
humans that is strongly expressed in meiotic cells (56). 
The number and location of DSBs in meiosis is strictly 
controlled, and the crossover sites or foci containing 
the mismatch protein repair protein can be identified 
by immunostaining of isolated nuclei. The mouse sper- 
matocyte contains about 23 crossovers, and in humans, 
more than 50 such foci have been identified (55). If 
DNA damage is extensive, DNA repair mechanisms 
may be inadequate, and further cell development will 
not continue. In mitotically active cells, a control mech- 
anism checks the integrity of the genome during the 
cell cycle and is capable of blocking the cycle until the 
DNA damage is repaired. Failure of repair via the cell- 
cycle checkpoint genes may result in cell apoptosis 
such as found in pachytene arrest in some mouse 
models of male infertility. In fact, arrest of spermato- 
genesis at pachytene is a common finding in testis 
biopsies taken from infertile men (57-59). 

Among the many factors that govern the sur- 
vival of primary spermatocytes through their long 
phase of meiotic maturation, local and intracellular 
levels of steroids certainly play a major role. Although 
it is not known how steroids—particularly androgens 
and estrogens—affect the function of germ cells, it is 
known that withdrawal of endogenous steroids results 
in extensive germ-cell dysfunction, developmental 
arrest, and cell death (49,60-63). The key role of the 
Sertoli cells in supporting meiosis has been empha- 
sized by studies in transgenic mice, in which the 
overexpression of androgen-binding protein (ABP), 
a Sertoli cell secretory product, was associated with 
meiotic arrest (64). The block in spermatogenesis 
occurs at the pachytene and metaphase I step of 
meiosis, resulting in germ-cell apoptosis. It is sug- 
gested that an excess of intracellular ABP raises bound 
testosterone but decreases free hormone levels, result- 
ing in disruption of germ-cell function. In short-term 
cultures of human seminiferous tubules, the addition 
of testosterone to incubation media significantly sup- 
pressed spermatocyte apoptosis that otherwise occurs 
under serum-free conditions (65). In similar experi- 
ments using human seminiferous tubules, estradiol 
was a potent inhibitor of germ-cell apoptosis, possibly 
acting via nongenomic mechanisms as the effects on 


germ-cell survival occurred within four hours of estro- 
gen treatment (66). 

With the formation of two secondary spermato- 
cytes at the end of meiosis I, each of them is haploid, 
containing 22 duplicated autosomes and either a dupli- 
cated X or Y chromosome. Secondary spermatocytes 
are short lived (about one day) and have a spherical 
nucleus with finely granulated chromatin together 
with globular chromatin masses. Division II then 
proceeds without DNA replication to produce two 
haploid spermatids with 23 single chromosomes. 


O SPERMATIDS: SPERMIOGENESIS 
FORMS SPERMATOZOA 


The youngest spermatids, about 8 um in diameter, 
contain a spherical nucleus with dispersed chromatin 
and a small nucleolus. Characteristically, the mito- 
chondria tend to cluster near the plasma membrane. 
Spermiogenesis refers to the morphological and 
functional transformation of an early spermatid into a 
fully formed spermatozoon with no cell division. In 
man, this phase of spermatogenesis requires 24 days. 
The complex metamorphosis of a round spermatid 
into a 65-um spermatozoon is a process that is far from 
being understood, although studies linking structural 
changes of the spermatids to changes in their gene 
expression have been made possible using transgenic 
and knockout animal models and the availability of 
appropriate mutations that affect spermiogenesis 
together with experimental alterations of hormone 
action and supply (4,57,67-69). 

The structural changes to the spermatids as they 
proceed through spermiogenesis have been exten- 
sively studied and documented (5,70-73). Based upon 
the changing morphology of the spermatid nucleus, 
as observed in paraffin sections of the human testis 
(74), six steps in development have been proposed 
and designated as: Sa, Sb1, Sb2, Sc, Sd1, and Sd2 
(Fig. 6). When examined with electron microscopy, 
these developmental events that shape and transform 
the spermatids can be conveniently described as four 
phases, designated as Golgi, cap, acrosomal, and mat- 
uration phases. It should be emphasized that these 
cytological classifications in fact represent a continu- 
ously evolving process involving changes that simul- 
taneously occur, to a large degree, in a defined series 
of structural modifications to the nucleus and the 
cytoplasm and the development of the sperm tail. 

The first two phases are chiefly concerned with 
the development of the acrosome, a modified secretory 
granule that originates from the round spermatid Golgi 
apparatus. Consisting of hydrolytic enzymes and a 
protein matrix, the biogenesis of the acrosome begins 
as small granules/vesicles elaborated from the Golgi 
that are collectively termed “proacrosomic vesicles.” 
These coalesce into a single spherical acrosomic vesicle 
that attaches to the nucleus. 


In the cap phase, the vesicle flattens and expands 
to cover the surface of the nucleus, eventually covering 
about 60% of the spermatid nucleus as it transforms 
from a spherical to a pyriform shape. At the time of 
sperm-egg fusion during fertilization, the acrosomal 
hydrolases are released, allowing sperm penetration of 
the surface of the egg zona pellucida. The formation of 
the acrosome is dependent upon certain proteins that 
promote fusion of proacrosomic granules (75), and a 
failure of this process results in spermatids that have 
no acrosomes, rendering them incapable of nuclear 
condensation and elongation—critical for normal 
sperm development. Such defective spermatozoa have 
poor motility due to a defective sperm tail that arises 
because of sperm elongation failure (76). Some of the 
idiopathic human infertility syndromes associated 
with reduced sperm count and production of round 
spermatozoa may be a result of acrosomal dysgenesis 
of early spermatids (77,78). 

While acrosome formation is proceeding at one 
pole of the nucleus, centrioles at the opposite pole 
begin to form the primordium of the flagellum or 
sperm tail. Of the pair of centrioles associated with the 
nucleus, the proximal component becomes articulated 
with the nuclear membrane, whereas the distal or lon- 
gitudinal centriole gives rise to the axial filament, or 
axoneme of the growing tail, consisting initially of a 
9+2 arrangement of microtubules. Both centrioles 
reside within the sperm neck, a hollow cone consist- 
ing of nine cross-striated columns that are continuous 
with the nine outer dense fibers (ODFs) of the sperm 
tail. ODFs are the main cytoskeletal structures of the 
tail and consist of multiple polypeptide molecules (76) 
that serve to stiffen the tail and run longitudinally 
with the central axoneme until they disappear at the 
end of the tail. The 912 arrangement of axoneme 
microtubules is responsible for sperm motility, since 
disturbances of the formation of nexin linkages and 
dynein arms are associated with immotile sperm (79). 
Initially dispersed in the spermatid cytoplasm, mito- 
chondria external to the ODFs in the middle piece of 
the tail (approximately 5 um long) congregate around 
the ODFs in a helical pattern and serve as a source of 
energy for motility. Beyond the middle piece is the 
principal piece of the tail (approximately 45 um long) 
that contains seven of the ODFs and long fibrous 
sheaths that are linked to the ODFs by connecting pro- 
teins, termed "transverse ribs.” At its termination, the 
ODFs and fibrous sheaths disappear from the princi- 
pal piece, and the end piece consists only of a disorga- 
nized axoneme. 

Genes encoding some ODFs may be transcribed 
early in primary spermatocytes and other ODFs are 
transcribed later in early spermatids, whereas transla- 
tion of the mRNAs for the ODFs commences during 
spermiogenesis. Thus some of the ODF formation 
relies upon translational repression until the appropri- 
ate development of the sperm tail (80). Temporary 
storage of mRNAs and their subsequent translation at 
defined steps in spermiogenesis are a reflection of the 
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fact that transcription in developing spermatids is pro- 
gressively terminated as the sperm nucleus compacts 
its chromatin into the condensed spatulate structure of 
the sperm head. 

Once it has acquired a developing acrosome, the 
spermatid nucleus is reoriented such that it appears to 
be displaced toward one pole of the cell. At the same 
time, the spermatid reshapes itself into an oval structure 
with elongation of the cytoplasm away from the 
nucleus. The acrosome rotates to face the basal aspect 
of the seminiferous epithelium, which dictates that the 
caudal spermatid cytoplasm and the emerging 
axoneme/flagellum now point toward the tubule 
lumen. Alignment and positioning of the elongating 
spermatids are controlled by their interface with the 
Sertoli cell-plasma membrane. The plasma membrane 
of the spermatid that covers the acrosome is attached 
to a unique type of cell-cell junction, termed an "ecto- 
plasmic specialization” (ES). As the spermatid elon- 
gates, ESs are formed subjacent to the Sertoli cell-plasma 
membrane that embraces the developing acrosome 
and sperm head. ESs facing spermatid nuclei consist of 
long cisternae of endoplasmic reticulum separated 
from the spermatid membrane by cytoskeletal proteins 
that include actin, vinculin, integrins (81), and espin, a 
protein thought to be an actin-bundling molecule (82). 
This ES complex provides for adhesion of the sperm 
heads that are dissembled at the end of spermiogene- 
sis, allowing for release of the spermatozoa into the 
tubule lumen. Adhesion between Sertoli cells and the 
spermatid acrosome is both androgen dependent 
(83,84) and FSH dependent (85). 

Remodeling of sperm nuclear architecture accom- 
panied by condensation of the chromatin is associated 
with a progressive cessation of transcription. As the 
spermatid nucleus becomes elliptical and then pyri- 
form in shape (Fig. 7), the nuclear chromatin forms 
many dense aggregations, occasionally interrupted by 
clear spaces or vacuoles. Eventually, toward the end of 
the acrosome phase, the nuclear chromatin is highly 
compacted and forms a homogeneous electron-dense 
mass. The nuclear histones are replaced by transition 
proteins (86) and then by protamines (87) that stabilize 
the DNA. The genes for protamines are transcribed in 
round and early elongating spermatids that are stored 
in a translationally repressed state by the binding of 
protein repressors before being translated into elon- 
gated spermatids (88). Compaction of the transcrip- 
tionally inert chromatin is associated with a significant 
reduction in nuclear volume that contributes to the 
unique and striking differences in head shape unique 
to each species. 

In the maturation phase of spermiogenesis, the 
long caudal cytoplasm that extends around and along 
the length of the flagellum is separated from the head 
and tail. It condenses into several globular compo- 
nents, termed “residual cytoplasmic bodies,” that 
contain a variety of organelles and inclusions together 
with the redundant nuclear membrane discarded as 
the sperm nucleus contracts in volume. When the sperm 


64 Kerr 


disengage from the ESs of the Sertoli cells, the sperm 
are released into the tubule lumen, but the residual 
bodies are retained and are phagocytosed by the 
Sertoli cells. 


O GENE EXPRESSION AND 
SPERMATOGENESIS 


In model organisms, many genes have been identified 
for fertility, and mutations in these genes cause infer- 
tility due to developmental defects of the germ cells. 
Despite the prevalence of human infertility (as many 
as 1 in 25 men and 15% of couples), few fertility loci 
have been mapped and about half of all cases of infer- 
tility presented by couples can be attributed to the 
male partners, who are otherwise healthy (89,90). The 
causes of male infertility or subfertility are far ranging, 
involving chromosomal aneuploidies, translocations, 
and point mutations for example in the AR, FSH recep- 
tor, and FSH molecule (57,61,91-94). 

There is special interest in the genes located on 
the Y chromosome since there are proven correlations 
between testicular pathology in infertile men and 
microdeletions associated with specific regions of the Y 
chromosome (94-97). In 1976, karyotyping of azoosper- 
mic men revealed deletions on the long arm (Yq) of the 
Y chromosome (98), leading to the azoospermic factor 
(AZF) hypothesis: the absence of specific fertility genes 
on the Y chromosome would result in no sperm. Since 
the microdeletions define these regions, AZFa, AZFb, 
and AZFc have been named from proximal to distal on 
Yq (Fig. 8). Most (80%) deletions occur in the AZFc 
region, with 15% and 5%, respectively, occurring in the 
AZFb and AZFa regions (99). Deletions occurring 
across all three AZF regions, although rare, are associ- 
ated with germ-cell arrest or Sertoli cell-only testes 
(58). Within the euchromatic segment of the Y chromo- 
some, the male-specific regions occur on both the short 
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Figure 8 Schematic representation of the Y chromosome. The 
short arm (Yp) is linked via a centromere to the long arm (Yq). The 
PAR that pair with the X chromosome during meiosis are located at 
each end. The nonrecombining region consists of repetitive 
sequences that may be homologous to parts of the X chromosome 
or may contain Y-specific regions. The heterochromatin region may 
be one-half to two-thirds of the Yq. The three loci associated with 
spermatogenic defects contain gene clusters defined as AZFs and 
map to AZFa, AZFb, and AZFc. Most infertile men with severe oli- 
gospermia or azoospermia have microdeletions in the AZFc locus. 
Conditions of germ-cell arrest or Sertoli cell-only syndrome commonly 
have more extensive deletions involving AZFa and AZFb regions. 
Abbreviations: AZF, azoospermic factor; PAR, pseudoautosomal 
regions; Yp, short arm; Yq, long arm. Source: From Refs. 57, 58. 


(Yp) and long arms and encode 27 protein-coding genes 
most of which are mapped to the Yq arm (100). 

In the AZFa region, the first gene found to be 
absent in infertile patients was DFFRY (Drosophila fat 
facets related Y), recently renamed USP9Y (ubiquitin 
specific protease 9, Y chromosome). This gene is ubiq- 
uitously expressed in a variety of tissues and the testis 
(101). Deletions of USP9Y have been particularly linked 
with azoospermia. For the AZFb region, the genes 
most likely involved in spermatogenesis are those of 
the RBMY (RNA binding motif on the Y) family. These 
are expressed only in the germline and their function(s) 
are not clear. Most deletions in the Y chromosome that 
are found in severe oligospermia and azoospermia 
occur in the AZFc region. The DAZ gene (deleted in 
azoospermia) is considered responsible for the AZFc 
phenotype (58), and it is expressed in primary sper- 
matocytes and spermatogonia (102). The DAZ gene 
family consists of four almost identical copies, but 
different combinations of partial deletions of these 
gene copies may result in impaired fertility or may 
have little or no effect on fertility (59). Partial DAZ 
deletions are infrequently found in cases of cryptorchi- 
dism (77). Recent studies report that DAZ proteins are 
also found in fetal gonocytes (the germline stem cells 
that give rise to the spermatogonia); this and their per- 
sistence in spermatids (103) both suggest that DAZ 
family proteins may act in multiple cell types at multi- 
ple points in spermatogenesis. 

There are possibly thousands of genes encoded 
on both the X and Y chromosomes, as well as the auto- 
somes that influence the process of spermatogenesis 
(94). Many of these may be expressed not only in the 
germline but also in the Sertoli cells. Studies of gene 
inactivations or deletions in knockout mice have shown 
that more than 200 genes are directly or indirectly 
involved in male fertility (104). In man, the expression 
of germ-cell transcripts has suggested that coordinated 
activities of several thousand genes are linked to full 
male fertility (105). Genetic screening of testis cDNA 
arrays and oligonucleotide array probes of genomic 
DNA are likely to be developed as diagnostic tools in 
the future evaluation and selection of treatment options 
for infertile men. A summary of the incidence of micro- 
deletions known to be associated with the Yq chromo- 
some is given in Table 1. 

Because testosterone is critical for the mainte- 
nance of spermatogenesis, changes to or the absence of 
a functional AR system will impact androgen signaling 
and cause moderate-to-severe impairment of germ-cell 
development. The AR gene is located on the X chromo- 
some and point mutations or excessive CAG (polyglu- 
tamine) repeats therein are associated with male 
infertility (106). In healthy populations, the number of 
CAG repeats ranges between 11 and 31; if greater than 
40, however, additional disorders arise, including a 
variety of neurodegenerative diseases (107). Men with 26 
or more CAG repeats in the AR gene have a significantly 
greater chance of being azoospermic compared with 
those with fewer repeats (108), although a recent study 


Table 1 Yq Microdeletions in Infertile Men 


Total no. % with 
Category studied microdeletions 
All patients 4868 8.2 
Idiopathic oligospermia 155 11.6 
Idiopathic <5 million/mL 35 
Nonobstructive 769 10.5 
azoospermia 
Idiopathic azoospermia 199 18.0 
Idiopathic severe 85 24.7 
hypospermatogenesis 
Sertoli cell only 55 34.5 
Fertile men 2663 0.4 


Source: From Ref. 58. 


(109) reported an absence of larger CAG repeat alleles 
in 30 azoospermic Japanese men. More data are 
required to define the normal range of AR gene CAG 
repeats in order to clarify male infertility risks as well 
as to determine if intermediate CAG expansions are 
benign or silent polymorphisms. 


O HORMONE REGULATION 


The primary hormones that act on the testis are 
luteinizing hormone and FSH. The former stimulates 
testosterone synthesis and secretion from the Leydig 
cells, and the latter binds to spermatogonia and Sertoli 
cells to activate, by largely unknown mechanisms, the 
proliferation and maturation of the germ cells. Exactly 
how androgens and FSH initiate the cascade of bio- 
chemical activities that causes pubertal maturation of 
the testis and then maintains adult spermatogenesis is 
poorly understood. Based upon analyses of the effects 
of mutations in the human FSH-receptor gene (110) 
and similar studies of FSH-B and FSH receptor in 
knockout mice (111,112), it appears that in men, FSH is 
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O INTRODUCTION 


It is generally recognized that the mammalian epidi- 
dymis serves to transport sperm from the testis and 
then to mature and store them. There has been increas- 
ing interest in the epididymis, as its malfunction is rec- 
ognized as a significant cause of infertility in men, and 
the recent advent of molecular methods of research has 
provided new insights into its function. Also, the epidi- 
dymis now has potential as a target for male contra- 
ception. Because few relevant human studies have been 
performed to date, much of the current knowledge on 
the epididymis is the result of animal studies, and 
many of these are discussed this chapter. 


O STRUCTURE 


The extratesticular duct system of mammals consists 
of a number of units that differ in structure, function, 
and embryological development. The rete testis develops 
from the rete blastema, the ductuli efferentes develop 
from the mesonephric tubules, and the ductus epididy- 
midis and ductus deferens develop from the mesone- 
phric (Wolffian) duct. The organ formed by the ductuli 
efferentes and ductus epididymidis is usually referred 
to as the epididymis. There are numerous comprehen- 
sive descriptions of the structure of the duct system in 
a variety of mammals (1-3) and two in humans (4,5). 
The rete testis is a cavernous region lined by a 
low epithelium that, in places, folds into the lumen. 
The intratesticular region receives each end of the 
seminiferous tubules via terminal regions where the 
epithelium lacks germinal cells. The ductuli efferentes 
leave the extratesticular region of the rete. The number 
of ductuli varies considerably between species: one in 
asmall marsupial, 12 to 18 in humans (each 200-500 cm 
long) (5),and more than 20 in the elephant. The number 
is probably determined by the rate of fluid (and sperm) 
output from the testis. The ductuli are differentiated 
along their length into an initial zone where ductuli are 
fairly straight and run parallel with one another, and 
coni vasculosi where the ductuli follow a convoluted 
course and may anastomose. The ductuli may be 


pigmented brown due to the occurrence of dense 
bodies in the epithelium, particularly in the coni vas- 
culosi (6). The arrangement of the ductuli in the coni 
varies between species, from the rat-like model in 
which pairs successively join together to form a 
common efferent duct that joins the ductus epididymi- 
dis end-to-end, to the human- and elephant-like model 
in which the caudal ductuli join the ductus end-to-side. 
In a detailed study of the human caput epididymidis, 
Yeung etal. (5) described at least seven types of tubules, 
each characterized by a different epithelium, including 
ductuli that end blindly and ones that join others 
together. The main ductuli efferentes of mammals have 
a tunic of smooth muscle and are lined by a low colum- 
nar epithelium composed of nonciliated and ciliated 
cells. The latter constitutes 15% of the epithelial cells 
and mainly occurs in groups of one to three cells in the 
rat (7). Flask-shaped cells have also been noted in 
human ductuli (4). 

The human epididymis is 4 to 5 cm long and it is 
possible to recognize a caput, corpus, and cauda epidi- 
dymidis (8), as in other scrotal mammals. The caput is 
attached to the testis by the superior epididymal liga- 
ment, the corpus by the mesoepididymis, and the 
cauda by the inferior epididymal ligament (9). The 
ductuli efferentes make up most of the caput epididy- 
midis in humans. The ductus epididymidis, in its con- 
nective tissue matrix, makes up the rest of the 
epididymis. The cauda epididymidis is not as large in 
humans as in other scrotal mammals, with the exception 
of cats, gorillas, and some monkeys (10). It is not known 
why these animals have smaller caudae (which would 
store relatively fewer sperm). 

Unfolded, the human ductus epididymidis is 
about six meters long, which is much shorter than that 
of a 3- to 4-kg monotreme (echidna, 12 m), a 6-kg mar- 
supial (wallaby, 35 m), and domestic ungulates such as 
the ram, boar, and horse (at least 50 m) (11-14). The 
ductus is narrow proximally and widens toward the 
ductus deferens. In the rat and most other species, the 
ductus epididymidis is lined by a pseudostratified epi- 
thelium consisting of principal, apical, narrow, clear, 
basal, and halo (intraepithelial lymphocytes) cells. 
The epithelium is differentiated along the duct into at 
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least six structurally distinct zones (2), reducing dis- 
tally in the height and length of its stereocilia and varying 
in cytology of the principal cells and the occurrence of 
other cell types. In humans, however, the structural 
differentiation of the epididymal epithelium is not as 
distinct (4) as in most species. Yet, even in humans, the 
expression of genes along the duct is variable, with some 
genes having gradual changes in expression while 
others have abrupt changes (15,16). 

In all mammals that have been studied, there is 
an initial segment of the ductus epididymidis that has 
a characteristic epithelium and microvasculature, and 
its structure and function is dependent on the luminal 
fluid flowing from the testis (17,18). The segment has 
characteristic coarse stereocilia on the principal cells, 
and narrow cells present in the epithelium and in most 
eutherian species such as the rat and domestic animals. 
The epithelium is very tall, with very long stereocilia. 
The c-ros tyrosine kinase gene is only expressed in the 
initial segment of the mouse epididymis, and in mice 
in which this gene has a targeted mutation, the seg- 
ment is absent and the males are sterile even though 
spermatogenesis is normal (19). Little is known of the 
initial segment in the human epididymis: it is short 
and restricted to the region of the caput epididymidis 
where the ductuli efferentes join the ductus epididy- 
midis (5). The c-ros gene is expressed in the epithelium 
along the rest of the epididymis but not in the initial 
segment (20). 

The ductus epididymidis has a tunic of smooth 
muscle that varies along the ductus in thickness, cellular 
structure, and innervation. From the structural studies 
on humans (21) and physiological studies on labora- 
tory and domestic animals (22,23), it is interpreted that 
slender muscle cells coat the length of the ductus, thus 
continuously moving sperm away from the testis. The 
effectors involved in ejaculation are an outer layer of 
thicker cells limited to the cauda epididymidis and 
ductus deferens. Consequently, repeated ejaculation 
only recruits sperm from this distal region of the duct 
system and thus only increases the rate of sperm trans- 
port through these regions. About half the number of 
sperm in the human ejaculate are derived from the 
distal ductus deferens and ampulla; the remainder 
come from the proximal ductus deferens and adjacent 
cauda epididymidis (24). 


O VASCULAR SUPPLY 


The epididymis receives blood from two main arteries 
that anastomose in the corpus epididymidis in scrotal 
mammals. The epididymal artery branches from the 
testicular artery just above the spermatic cord and 
supplies the caput and corpus epididymidis and the 
deferential artery. The deferential artery branches from 
the iliac or hypogastric artery and supplies the cauda 
epididymidis and ductus deferens. The microvasculature 
is dense and similar along the human epididymis (25) 
and unlike species like the mouse in which the initial 


segment has a dense fenestrated cylindrical network 
with frequent anastomoses (26). 


O EPITHELIAL FUNCTION AND 
LUMINAL MILIEU 


There are no reports on the changes in composition of 
luminal fluids along the human epididymis. Early 
work on the rat indicated that there is a difference in 
the electrolyte composition of luminal fluids collected 
from the seminiferous tubules and rete testis of the rat, 
particularly in the concentration of potassium (27). 
Subsequent work on Japanese quail, however, indicated 
that these differences are probably due to contamination 
of micropuncture samples from the seminiferous 
tubules (28). 

The ductuli efferentes reabsorb 96% of the fluid 
leaving the testis in the rat (29) and probably a similar 
proportion in other mammals. This absorptive function 
is probably essential for male fertility as targeted dele- 
tions of the estrogen receptor-a@ (ERKO) (30) and 
human epididymis-specific protein 6 (HE6/GPR64) 
(31) cause dysregulation of fluid reabsorption within 
the ductuli and infertility (30). In the normal rat, the 
reabsorption occurs with little net change in the con- 
centration of electrolytes or osmotic pressure of the 
fluid (2). The epithelium is leaky at the distal end of the 
initial zone, with the concentration of electrolytes 
equilibrating between blood and the lumen of the duc- 
tuli (29). Acute control of the rate of fluid reabsorption 
by the ductuli is determined by the rate of flow of fluid 
into the ductuli and the concentration of sodium 
chloride in the fluid (32). Although the concentration of 
protein in fluid leaving the rete testis is low (1 mg/mL) 
and some protein is secreted by the ductuli, there is a 
net reabsorption of 80% of the protein entering the 
ductuli (29). 

Whereas the function of the ductuli efferentes is 
to deliver spermatozoa concentrated in a small volume 
of luminal fluid, the ductus epididymidis modifies the 
composition of the fluid. The ductus also concentrates 
sperm further, mainly in the initial segment; however, 
the rate of fluid reabsorption is very low in this region 
compared to the ductuli efferentes (33). The ductus 
epididymidis maintains the low concentrations of cal- 
cium and magnesium that are in the lumen of the rete 
testis and generates a low pH and bicarbonate concen- 
tration. There is a reduction in the concentrations of 
sodium (and chlorine) and an increase in potassium 
along the duct so that the ratio of sodium:potassium in 
the fluid changes from about 10:1 in fluid entering the 
ductus to no more than 1:1 in the cauda epididymidis 
(34-36). A number of nonproteinaceous organic sub- 
stances are secreted into the ductus in all the eutherian 
mammals that have been studied, particularly inositol 
(which is present in fluid leaving the testis), carnitine, 
and glycerophosphocholine. These substances are 
secreted in specific regions of the epididymis to achieve 
a luminal concentration higher than in blood and make 


up a high proportion of the total osmotic pressure of 
caudal epididymal fluid—about 50% in the rat 
(34,37,38). This is much higher than in luminal fluid 
from the ductus deferens of men in which the concen- 
tration of each of the organics is less than 6 mM (37). 
Although the organic compounds have received con- 
siderable attention, their role in the epididymis remains 
uncertain, except that they contribute to making caudal 
epididymal fluid hyperosmotic compared to blood. 
It is interpreted that carnitine may transport the acyl 
group in mitochondria, so that acyl CoA can act as a 
substrate for producing energy by oxidation (39). 
Moreover, supplementation with carnitine can 
significantly improve both sperm concentration and 
total sperm counts among men with astheno- or 
oligoasthenozoospermia. 

There is considerable secretion and reabsorption 
of proteins in the epididymis. In the rat, for example, 
there is a fivefold net increase in protein concentration 
along the ductus. Two-dimensional electrophoresis of 
luminal fluids from domestic animals has shown that 
several hundred different proteins are present in the 
duct lumen, with some proteins being secreted at one 
site and reabsorbed a short distance along the epidi- 
dymis (40-42). Some proteins regulate the function of 
the duct mucosa, such as basic fibroblast growth factor 
(43). Some of these are hydrophobes (lipocalines, clus- 
terines, etc.) that may act as steroid-binding proteins 
for androgens regulating the duct mucosa, or steroids 
that modify the sperm membrane (44). Some play a 
role in protecting sperm, for example, against microbes 
(45), oxidation [glutathione peroxidase (GPX), super- 
oxide dismutase, lactoferrin, etc.], and complement 
(46). Others, such as proteases and glycosidases and 
their inhibitors (47,48), are involved in modifying the 
sperm membrane, whilst others become closely associ- 
ated with the sperm membrane and have been impli- 
cated in gamete fusion (49,50). The human epididymal 
proteome also contains hundreds of different proteins, 
and the majority are synthesized and secreted by the 
epididymal epithelium. The most abundant is clus- 
terin, as in other mammals (51). In humans, however, 
this protein and others of testicular origin do not seem 
to be actively reabsorbed as in other species. Also, 
protein secretion, as well as its composition through- 
out the epididymis, is not as highly regionalized in 
humans as in other mammals that have been studied. 
The secretory activity of certain proteins only varies 
along the epididymis in amount and not qualitatively 
as in other species. It is suggested that this may be 
because human sperm mature more proximally in the 
epididymis than in other species (51). 


O SPERM TRANSPORT 


Sperm spend little time in the ductuli efferentes—about 
45 minutes in the rat (52). The rate of transport along 
the ductus epididymidis varies along its length, slowing 
considerably distally as the duct widens and sperm are 


Chapter 6: Physiology of the Epididymis 73 


“stored” until removed by ejaculation, as described 
above. The duration of sperm transit varies from 8 to 
13 days in most mammals (Table 1). This process is 
generally considered to be faster in humans. Mean 
estimates vary from 4 (53) to 12 days (54), but a period 
of 2 to 4 days is common for many sperm, and some 
transit the duct in only 1 day (53,55), indicating that the 
age of sperm in the cauda epididymidis must vary 
considerably. 


O SPERM MATURATION 


In laboratory and domestic mammals that have been 
studied, sperm were not found to be capable of fertilizing 
an ovum when they left the testes, unless they were 
artificially injected through the zona pellucida of an 
ovum. They must pass through at least part of the 
epididymis to achieve the capacity for motility and 
hyperactivation and to bind to the zona pellucida and 
undergo the acrosome reaction. Sperm achieve the 
capacity to fertilize ova more proximally in the epidi- 
dymis of humans than in other mammals (56,57). They 
undergo the changes associated with epididymal mat- 
uration in other mammals except that there are none of 
the structural changes that occur in the epididymis of 
most mammals (8) apart from migration of the cyto- 
plasmic droplet from the neck. Human sperm increase 
their capacity for motility during epididymal transit 
(58,59) from an immotile state in the rete testis or just 
showing slow oscillations of the tail with no forward 
progression. The percentage of motile sperm increases 
to almost maximum by the proximal corpus epididy- 
midis, and the rate of forward motility increases until 
their arrival in the lower corpus epididymidis. 
Plasmalemma changes involving the loss and gain of 
specific proteins (58,60,61) occur, and there is achemical 
reduction of sulfhydryl groups to form an increased 
number of disulfide bonds in the nucleus, perinuclear 
matrix, and tail structures of the sperm (62). 

Claims that there is no need for sperm maturation 
in the mammalian epididymis have been discussed in 
detail by several authors (8,35,63). The claims based on 
studies of laboratory or domestic animals are poorly 
supported and typically have used sperm sampled 
from the caput epididymidis. These sperm would 
already have passed through the ductuli efferentes and 
part of the ductus epididymidis that is involved in 
sperm maturation. For the studies to be convincing, 
sperm should be sampled from the testis or rete testis. 
Nevertheless, in contrast to the results of work on 
laboratory and domestic animals, there is convincing 
evidence that posttesticular sperm maturation is not 
absolutely essential to achieve conception in humans. 
For example, the elegant epididymovasostomies of 
Schoysman and Silber have demonstrated conceptions 
when the ductus epididymidis was bypassed by con- 
necting a seminiferous tubule or the rete testis to the 
ductus deferens (64,65). It is possible in these studies, 
however, that following anastomosis, luminal fluids 
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Table 1 Comparison of Sperm Production in Humans and a Variety of Other Scrotal Mammals 
Rhesus Tammar 

Parameter Human Rat Ram monkey wallaby 
Body mass (g) 76,400 559 35,000° 92004 5800 
Testes/body mass (%) 0.068 0.67° 0.91° 0.59 0.54 
Daily sperm production (10°/g testis) 4.7 23.7? 199 290 24 
Epididymal transit time (days) 4a 8.4? 16.49 10.59 13° 
Number of extragonadal spermatozoa 

106/animal 2012 735b >165,0007 6518? 9900' 

10°/g body mass 0.0032 1.3 4.74 0.74 1.7! 
Number of ejaculates 

Produced by testes/day 0.839 iy asi 1k at 

Available in extragonadal ducts! 129 SPA 28 4k 19 


aRef. 53 [body mass (108)]; "Ref. 107; °Ref. 113; ¢Ref. 55; °Ref. 114; ‘Ref. 115; 9Ref. 109; "Ref. 111; ‘Ref. 112; iRef. 
113; ‘Ref. 116. 'The number of spermatozoa in the cauda epididymides/number of spermatozoa in an ejaculate of a 


sexually rested male; Ref.110. 


from the testis modify the function of the ductus 
deferens. Further, it is unlikely that the probability of 
conception following a single intercourse in case of 
patients with epididymovasostomies is as high as for 
men with a normal epididymis. Also, it is perhaps 
noteworthy that in a study of men with obstructive 
azoospermia, the use of testicular and epididymal 
sperm for intracytoplasmic sperm injection (ICSI) 
produced similar conception rates, but the miscarriage 
rate was significantly higher when testicular sperm 
were used (66). 


O SPERM STORAGE 


Sperm storage in the epididymis is important for 
normal male fertility because the period required for 
mammalian testes to produce sperm is much longer 
than the duration of coitus. The testes of laboratory and 
domestic mammals produce sperm equivalent to the 
number in one (rat) to two (ram) normal ejaculations 
per day (Table 1), and the cauda epididymidis contains 
between 5 (rat) and 28 (ram) times the number of sperm 
produced per testis per day (Table 1). In humans, the 
rate of sperm production is lower than in other 
mammals, and the number of sperm stored in the 
epididymis is relatively less. Humans require between 
one and two days to produce the number of sperm in a 
normal ejaculate, and the number stored in the cauda 
epididymides is only one to three times the daily sperm 
production. Bedford (8) noted unique characteristics of 
the human cauda epididymidis (relatively small size, 
lower content of sperm, and poor survival of sperm 
compared to other mammals) that are like the experi- 
mental response to warming the epididymis of labora- 
tory animals to body temperature. He suggested that 
these characteristics are due to overheating of the 
epididymides as a consequence of human clothing. 
The temperature of the cauda epididymidis is nor- 
mally a few degrees centigrade below testicular tem- 
perature in scrotal mammals (67); however, clothing 
increases the temperature of the cauda epididymidis 
in men from 29°C to 30°C in the naked state to 33°C to 


34°C and higher, depending upon the tightness of the 
pants worn and the duration spent in a particular 
posture, such as sitting (8). 

Work on laboratory and domestic animals has 
shown that sperm isolated in the cauda epididymidis 
between ligatures can maintain the capacity to fertilize 
an ovum for three weeks or more, and motility is 
retained nearly twice as long as the capacity to fertilize 
an ovum (8,68-72). It is generally considered that the 
human epididymidis is poorly adapted for sperm 
storage (8) and in some men, such as cancer patients, 
sperm motility may be lower in the cauda than corpus 
epididymidis (59). Bedford (8) suggested that this 
difference is probably due to sperm aging in the epidi- 
dymis of men who experience a protracted period of 
abstinence, and he provided evidence that there is an 
inverse relationship between sperm viability in the 
cauda epididymidis and the duration of abstinence. 
Nevertheless, it is noteworthy that the ability to achieve 
conception may be retained for a considerable period 
in humans as sperm in the vas deferens can maintain 
the capacity for motility for as long as nine weeks 
postvasectomy (73). 

Little is known about the mechanism of sperm 
storage in the epididymis. The duct mucosa must play 
an important role, as sperm are very concentrated in 
the cauda epididymidis, with the volume of sperm: 
epididymal plasma (spermatocrit) ranging from 21% 
in the rabbit to 68% in the Rhesus monkey (34). Even at 
a lower concentration, undiluted ejaculated ram sperm 
lose their viability within 30 minutes, presumably due 
to lactate production. It is known that the mucosa of 
the cauda epididymidis has a much greater capacity to 
transport fluid and solute than is indicated by estimates 
of net transport (74), and this must be important in 
maintaining a stable milieu. It is also known that the 
temperature of the cauda epididymidis is lower than 
testicular temperature (67), that oxygen tension is rela- 
tively low (75), and that there is no metabolizable sugar 
and relatively little other metabolic substrate in the 
luminal fluid (34). Further, the activity of sperm is 
suppressed in the cauda epididymis. Here, they are 
immotile in most species, and studies of undiluted 


caudal epididymal semen from the rat and the Tammar 
wallaby indicate that their metabolic rate is only one- 
fifth to one-third that of ejaculated sperm (76,77). 


O REGULATION OF THE EPIDIDYMIS 


There is convincing evidence that the epididymis is 
dependent on androgen and estrogen. Androgen may 
be transported from the testis via the vascular system 
or directly via the lumen of the epididymal ducts. 
Testosterone is the main androgen that leaves the testis 
by either route, but it is converted in the epididymis to 
more potent androgens. Dihydrotestosterone is pro- 
duced by 5-a-reductase. Its activity is much higher in 
the proximal epididymis (mainly the initial segment) 
than more distally (3,78,79), except possibly in man 
(11,80) and cynomolgus monkey (81). Androstanediol 
is produced by the action of 3-a-hydroxysteroid dehy- 
drogenase, which is present throughout the ductus 
epididymidis (3,82). The concentration of androgen in 
the duct lumen is higher than in peripheral blood, and 
the amount entering the duct via the rete testis of the 
rat is sufficient to account for the amount throughout 
the lumen of the duct (83). Consequently, although 
systemic androgen can play a role in regulating 
epididymal function (68), it is probably not essential 
for fertility. 

Recent work shows that estrogen receptors are 
located in the ductuli efferentes and initial segment of 
the ductus epididymidis (84,85) and are essential for 
male fertility (30). Estrogen may be transported directly 
to the ductuli via the luminal route, or it may be 
produced by P450 aromatase in sperm (86) or the 
epithelium of human ductuli efferentes and proximal 
ductus epididymidis (87). 

There is convincing evidence of a local (lumicrine) 
regulation of the epididymal epithelium by nonsteroidal 
factors transported with sperm from the testis. 
Withdrawal of this regulation by ligation of the ductuli 
efferentes, for example, causes dramatic dedifferentia- 
tion of the initial segment of the epididymis even when 
the concentration of systemic androgen is high (17). 
Transforming growth factor B has been identified 
(43,88) as a regulator of the initial segment, but there 
has been little work on luminal regulation for the rest 
of the ductus epididymidis. 


O IMMUNOLOGY 


As sperm production does not begin until after self- 
tolerance has been established by the immune system, 
the postmeiotic germ cells in the testis and epididymis 
essentially possess foreign antigens. The immune 
system is not normally exposed to these antigens, 
however, as the epithelia lining the duct system have 
well-developed tight junctions that provide a blood- 
luminal barrier, preventing the free movement of 
macromolecules in either direction (89). 
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Little is known of the immunology of the epidi- 
dymis (90,91). Studies involving transplantation 
autografts (92) have suggested that mechanisms are 
present to maintain a state of immune suppression or 
immune privilege. Intraepithelial lymphocytes occur 
in the epididymal mucosa of humans and rats at a 
frequency similar to that seen in intestinal epithelium 
(93). The concentration of these lymphocytes varies 
along the epididymis, with CD8+ cells occurring at a 
greater frequency than CD4+ cells. It is assumed that 
the former are suppressor cells that serve to prevent 
the induction of an immune response to luminal 
antigens. Further, there is evidence that principal cells 
in the efferent ducts can express MHC class II antigens 
following immunization and thus may act as antigen- 
presenting cells. An immunocytochemical study indicates 
that the basal cells in human epididymal epithelium 
are macrophages, and the authors suggest that these 
cells could scavenge any antigenic products that may 
pass along the epididymis from the testis (94). In addition, 
epididymal plasma contains significant concentrations 
of complement inhibitors (95). 

Generally, the blood—luminal barrier prevents 
the entry of antibody into the extragonadal ducts, with 
the exception of the rete testis, where some immu- 
noglobulin G (IgG) is able to enter; however, the con- 
centration achieved in the rete testis is less than 1% the 
concentration in blood (91,96). Most of this antibody is 
reabsorbed by the ductuli efferentes, but as fluid 
reabsorption by the ductuli is greater than protein reab- 
sorption, the concentration of immunoglobulin increases 
about 1.5-fold as it passes through the ductuli. There is 
a further increase in concentration of IgG along the 
ductus epididymidis, but the concentration in caudal 
epididymal fluid only reaches 0.17% (rabbit) to 1.4% 
(rat) the concentration in blood. 


O PATHOLOGY OF THE EPIDIDYMIS 


Obstructive azoospermia is a major cause of infertility 
in men. It may develop following vasectomy and can 
persist even after reversal of vasectomy. As vasectomy 
prevents normal transport of sperm along the epidi- 
dymis, sperm may accumulate within the duct. This 
may eventually cause rupture of the duct and granu- 
loma formation, resulting in the development of 
antisperm antibodies, as seen in the blood of a high 
proportion of vasectomized men. Infection may also 
cause blockage of the duct system. Clavert et al. (97) 
concluded that the epididymis has little capability of 
protecting itself against infection and that epididymitis 
among young adults is often secondary to venereal 
urethritis, with the infection being propagated from 
the urethra toward the epididymis. The main infectious 
organisms are Chlamydia trachomatis and Neisseria gon- 
orrhoeae. In older men, infection is often due to fecal 
organisms, particularly Escherichia coli. 

Obstructive azoospermia may also be caused by 
primary lymphoma in the epididymis, a condition that 
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could be confused with epididymitis (98). Further, an 
obstruction in the caput epididymidis with bron- 
chiectasis is a hallmark of Young’s syndrome (98). 

Mutations of the cystic fibrosis transmembrane 
conductance regulator (CFTR) gene are a relatively 
frequent cause of male infertility due to obstructive 
azoospermia (99). They account for up to 2% of all 
cases of male infertility and up to 25% of all cases of 
obstructive azoospermia (100). Different mutations 
may result in congenital bilateral absence of the vas 
deferens, bilateral ejaculatory duct obstruction, or 
bilateral obstructions within the epididymis. 
The absent or severely reduced activity of CFTR protein 
affects ionic exchange across the epididymal mucosa 
and thus the composition of the luminal fluid. 
The viscosity of epididymal fluid may be increased, 
and the sloughing of epithelial cells expressing CFTR 
will further reduce the amount of CFTR activity. As a 
consequence, different parts of the epididymis or vas 
deferens may be blocked and progressively obliterated. 
The resultant obstructive azoospermia can be treated 
successfully, however, using sperm aspiration and ICSI 
(101). (For further information on ejaculatory duct 
obstruction and its treatment, see Chapters 18 and 33.) 

Recent evidence indicates subfertility in men 
suffering from congenital chloride diarrhea (CLD), a 
rare inherited disease caused by mutations in the solute 
carrier family 26 member 3 (SLC26A3) gene (102). The 
gene normally expresses the Cl-/HCOs; exchanger in 
efferent duct epithelium, but the exchanger was not 
expressed in a patient with CLD. 

De Kretser et al. (103) described a condition called 
epididymal necrospermia, which is recognized on 
semen analysis with less than 5% of sperm having 
motility and normal shape. Although ultrastructural 
studies of ejaculates show marked degeneration of the 
acrosome and sperm head and loss of definition of 
the axonemal doublets, the structure of testicular 
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sperm is normal. Frequent ejaculation usually improves 
semen quality. 

Overheating has also been identified as a factor 
affecting epididymal function. Studies exposing the 
epididymis to body temperature (104,105) and aging 
sperm in the human epididymis indicate that 
overheating may affect the survival of sperm in the 
epididymis (8). Further, in a study using ram semen 
for artificial insemination, Mieusset et al. (106) found 
that a slight, intermittent increase in the subcutaneous 
scrotal temperature (1.4°C—2.2°C) can induce a significant 
increase in the embryonic mortality rate that becomes 
apparent on the fourth day of heating—an effect that 
must have occurred to sperm in the epididymis. 


O CONCLUSION 


The human epididymis is different from that of most, 
if not all, scrotal mammals in that it is shorter relative 
to body mass, not so structurally differentiated, and 
plays a lesser role in posttesticular development and 
the storage of sperm. Nevertheless, available evidence 
indicates that it plays a significant role in ensuring a 
high probability of a man achieving paternity with 
natural mating. A number of pathologies of the epidi- 
dymis have been identified that cause subfertility or 
infertility. Because some of the compounds involved in 
epididymal function are specific to the epididymis, it 
has the potential to be a target for achieving male 
contraception. 
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O INTRODUCTION 


Of all the male accessory sex glands, the human pros- 
tate is probably better known for its pathological condi- 
tions rather than its normal function. It is responsible 
for the production and secretion of various components 
of seminal fluid, which are discharged from the gland 
at the time of ejaculation. Prostate diseases such as 
benign prostatic hyperplasia (BPH) and carcinoma of 
the prostate are common afflictions in the older male. 
With an increase in the lifespan of men, the demands 
on health care related to prostate disease will also rise. 
This has resulted in a growing awareness of prostatic 
disease and a requirement for a clearer understanding 
of the physiology and pathophysiology of the prostate. 
This chapter will describe the anatomy, development, 
andnormalphysiology oftheprostate.(Pathophysiologic 
conditions of the prostate, including BPH, prostate 
cancer, and prostatitis, are described in Chapter 41.) 


O ANATOMY OF THE PROSTATE 


The human prostate gland is shaped like an inverted 
cone. It lies at the base of the bladder and completely 
encircles the urethra. Also entering the prostate are the 
ejaculatory ducts. These run through the cranial part of 
the gland and open into the urethra at the verumonta- 
num (Fig. 1). In the young man, the prostate weighs 
between 15 and 20 g. It consists of glandular tissue, 
which is responsible for secreting fluid (contributing to 
approximately 12% of the normal ejaculatory volume), 
and nonglandular tissue, which forms the prostatic 
sphincters and fibromuscular capsule. 

Early anatomists described the prostate as con- 
sisting of five lobes: an anterior, middle or median, pos- 
terior, and two lateral lobes. This division of the gland 
was based on the presence in the embryo of five sets of 
ducts draining five groups of acini into the embryonic 
urethra (1). In the absence of BPH, however, the outer 
surface of the adult prostate does not have any obvious 
lobes and the cut surface appears homogeneous (2). 
Division of the gland into four zones, peripheral, cen- 
tral, transition, and periurethral, with each zone related 


to a segment of the urethra (3), provides a more clini- 
cally relevant and accurate description that has super- 
seded the lobar classification. The urethra enters the 
prostate at the bladder neck and exits at the apex (Fig. 
1). It does not run in a straight line but bends at an 
approximate angle of 35° midway along its course. This 
angulation occurs at the level of the verumontanum 
and divides the urethra into proximal and distal seg- 
ments (Fig. 2). The peripheral zone comprises around 
70% of the total glandular tissue of the normal prostate 
and surrounds the distal portion of the urethra. Its ducts 
drain in a double row into the prostatic urethra. The 
central zone occupies the area around the ejaculatory 
ducts and consists of 25% of the prostatic glandular 
tissue (5). The transition and periurethral zones lie 
around the proximal urethral segment and resemble 
the shape of an inverted lollipop (4). The transition zone 
is the larger of theses two areas, comprising approxi- 
mately 5% of the glandular tissue in young men. This 
division of the gland into zones is important clinically 
as the peripheral zone is the main site of carcinoma of 
the prostate and prostatitis (1,6), although some carci- 
nomas may arise in the transition zone. Benign hyper- 
plasia, however, occurs predominantly in the transition 
and periurethral zones of the prostate (5). With progres- 
sion of BPH, the transition zone enlarges significantly 
and compresses the surrounding central zone to form a 
pseudocapsule between it and the peripheral zone. This 
pseudocapsule provides a line of cleavage, allowing 
nucleation of the hyperplastic tissue. 

Surrounding most of the external surface of the 
prostate is a fibromuscular capsule. Anteriorly, this is 
augmented by a thickened layer of smooth muscle and 
fibrous tissue called the anterior fibromuscular stroma 
(7). Muscular sphincters are also present within the 
prostate. The preprostatic sphincter is a sleeve of 
smooth muscle running down from the bladder neck 
and surrounding the proximal urethra and periure- 
thral zone. Its contraction at ejaculation is thought to 
prevent retrograde flow of seminal fluid into the blad- 
der (8). A second sphincter is found around the distal 
urethra. This consists of semicircular loops of striated 
muscle fibers that are continuous with the external 
urethral sphincter (7). 
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Innervation 


The prostate receives both sympathetic and parasym- 
pathetic innervation. Sympathetic fibers pass from the 
sympathetic chain via the hypogastric nerves. Fibers 
then run along the capsule and innervate the smooth 
muscle surrounding the prostatic ducts (9). Activation 
of the sympathetic system produces contraction of the 
smooth muscle of the capsule and ducts and results in 
expulsion of prostatic secretions at ejaculation. 
Parasympathetic fibers enter the pelvic parasympa- 
thetic nerves and terminate close to the epithelial cells 
of the acini (10,11). The arrangement of these fibers 
suggests that they have a secretomotor function. The 
identification of several neuropeptides such as neuro- 
peptide Y, enkephalins, and vasoactive intestinal pep- 
tide in prostatic neurons suggests that these peptides 
may also play a role in regulating prostatic activity. As 
in other parts of the male reproductive tract, there is 
also evidence that spontaneous contractions of the 


Bladder 
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Figure 1 Sagittal view of the male pelvis 
showing the position of the prostate. 


prostatic smooth muscle occur (12). These contractions 
presumably allow emptying of the acini and move- 
ment of the prostatic secretions, which are constantly 
being produced. 


Blood Supply and Lymphatic Drainage 


There is some variation in the origin of the blood 
supply of the prostate, with branches extending from 
the inferior vesical and middle rectal arteries. The 
prostatic arteries enter the prostate laterally at the junc- 
tion with the bladder. Within the capsule of the pros- 
tate, the arteries divide into capsular and urethral 
branches. The prostatic veins drain into the prostatic 
plexus, a network of thin-walled veins, which lie 
between the prostatic fascia and fibromuscular cap- 
sule. This venous plexus receives the deep dorsal vein 
of the penis and the venous flow from the base of the 
bladder and drains across the pelvic floor into the 
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Figure 2 Coronal section of the human 
prostate showing the positions of the central, 
peripheral, transition, and periurethral zones. 
Source: Adapted from Ref. 4. 
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internal iliac vein. Lymph from the prostate passes to 
nodes along both the external and internal iliac arteries 
(Fig. 3). The superior part of the prostate drains into 
nodes in the external iliac chain. The inferior and 
anterior prostate drain into nodes around the origin of 
the internal iliac artery and the posterior part of the 
gland drains into nodes in the region of the sacral 
promontory (13). 


Microscopic Anatomy 


The structure of the prostate is adapted so that it can 
gradually accumulate secretions and then rapidly dis- 
charge small volumes of fluid at the time of ejacula- 
tion. It consists of a series of distensible acini and ducts 
surrounded by fibromuscular stroma (Fig. 4). The 
glandular tissue is arranged in a series of acini that 
drain via collecting ducts into the prostatic urethra. 
The epithelium of the acini consists of three main cell 
types. The predominant cell type is the columnar secre- 
tory cell. These are 10 to 12 um tall and contain a large 
number of secretory granules. They are responsible for 
secreting various proteins including prostate-specific 
antigen (PSA) and prostatic acid phosphatase (PAP) 
and are dependent on androgens for maintenance of 
their morphology and function (14). Neuroendocrine 
cells are present throughout the epithelia. They con- 
tain a variety of neuropeptides, including serotonin, 
thyroid-stimulating hormone (TSH), and somatostatin, 
and probably play a paracrine role in the regulation of 
secretory activity and growth (15,16). In the rat, basal 
cells account for less than 10% of the cells within the 
epithelium, but these are present in a much larger pro- 
portion of the epithelial compartment in humans. In 
the normal human prostate, these cuboidal cells form a 
complete layer, which rests on the basement mem- 
brane (17). These cells contain little secretory product 
and were thought to act as precursors for the luminal 
cells (18). However, recent work challenges this idea 
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Figure 3 Pathways of lymphatic drainage 
from the prostate. 


by showing that differentiated luminal epithelial cells 
are capable of mitotic activity (19). Other studies 
suggest that the basal cells may form a blood—prostate 
barrier. As such, they may play an important part in 
the development of benign and malignant prostatic 
disease. 

A basement membrane lies between the epithe- 
lium of the acini and the stromal tissue. The stroma 
consists of extracellular matrix and a variety of cells, 
including fibroblasts, smooth-muscle cells, blood and 
lymphatic vessels, and autonomic nerve fibers. 
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Figure 4 Histological structure of a prostatic acinus. 
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Differences in the histological appearance of the 
different zones of the prostate have been described (7) 
and suggest that they may have differing functions. In 
the peripheral and transition zones, the acini are small 
and round and are surrounded by loosely arranged 
smooth-muscle fibers. The epithelial cells contain clear 
cytoplasm and small, dark nuclei situated near the 
basal surface of the cell. In the central zone, the acini 
are larger and irregular in shape. They contain epithe- 
lial cells with granular cytoplasm and large nuclei 
located at varying positions within the cells. The 
smooth-muscle fibers of the central zone stroma are 
denser and have a regular arrangement. 


O DEVELOPMENT OF THE PROSTATE 


The human prostate is thought to develop from the 
urogenital sinus, while the ejaculatory duct is formed 
from the Wolffian duct. At 10 weeks of gestation, a 
series of paired buds begin to emerge from the 
urogenital sinus (1,20). Under the influence of andro- 
gens, especially dihydrotestosterone (DHT), the 
mesenchyme of the urogenital sinus stimulates the 
buds to proliferate and differentiate into an epithe- 
lial ductal system (21). Meanwhile, the urogenital 
sinus mesenchyme differentiates into smooth muscle 
and fibroblasts to form the stromal tissue. Elegant 
studies by Hayward and Cunha (22) have demon- 
strated that interactions between the mesenchymal 
and epithelial cells mediate the androgen-induced 
development of the prostate and may also be impor- 
tant in the regulation of prostate growth in the adult. 
Thus, epithelial growth and differentiation requires 
the presence of functional androgen receptors within 
the mesenchymal tissue, which, when activated, 
promote epithelial growth. Similarly, the epithelium 
induces the mesenchyme to differentiate into smooth 
muscle. 

At birth the prostate is small (approximately 2 g) 
and the acini may be lined by a metaplastic squamous 
epithelium induced by maternal estrogens (23,24). 
Surges of serum testosterone occur during the first 
year of life and induce changes to produce a pseu- 
dostratified epithelium. In the rat, exposure to steroids 
in the neonatal and prepubertal periods appears to be 
critical in determining the maximum size that the pros- 
tate can attain in later life (25). 

The prostate remains small until puberty when, 
in response to rising androgens, a significant increase 
in weight occurs. The increase in size is accompanied 
by an increase in the diameter of the ducts and the for- 
mation of large mature acini. 


O PHYSIOLOGY OF THE PROSTATE 


The primary role of the prostate is the production 
of secretions to augment the seminal fluid. Prostate 


secretions make up about 15% of the seminal fluid and 
are involved in insemination and optimizing fertility. 
They also have a bactericidal effect in the prostate 
and reproductive tract. The secretory activity of the 
prostate is controlled by neural and endocrine 
mechanisms. 


Prostate Secretions 


The prostate secretes a variety of substances including 
zinc, magnesium, citrate, nitrogenous compounds 
such as phosphorylcholine and polyamines, and a col- 
lection of proteolytic enzymes. 


Citric Acid 


The human prostate is one of the major sources of 
citrate. Tissue levels of citrate are approximately 
100 times higher in the prostate than in other soft tis- 
sues. The secretory epithelial cells of the prostate pro- 
duce citrate from aspartic acid and glucose, resulting 
in concentrations in the seminal fluid of above 
52 pmol/L. Citrate acts to bind divalent cations, and in 
the semen, chelates calcium, thus reducing the rate of 
calcium-dependent coagulation (14). 


Zinc 


High levels of zinc are found in human seminal plasma, 
most of which appears to originate from the prostate. 
Zinc acts as a cofactor for several metalloenzymes pres- 
ent within the prostate. Zinc has also been implicated 
in having an antibacterial role in the prostate. Indeed 
the concentrations of zinc in prostatic secretions from 
men with chronic bacterial prostatitis are significantly 
reduced compared to those of normal men (26). 
Prostatic secretion of zinc is also altered in other patho- 
logical conditions, being elevated in some patients 
with BPH and reduced in men with carcinoma of the 
prostate (27). 


Polyamines 


Polyamines are small organic molecules that are basic 
and positively charged. The precise function of these 
molecules is unclear, but in vitro polyamines can act as 
growth factors and enzyme inhibitors. One of the major 
polyamines produced by the prostate is spermine. 
Spermine may be involved in regulating the coagula- 
tion and liquefaction of semen. Oxidation of spermine 
and other polyamines results in the formation of reac- 
tive aldehyde compounds, which are toxic to both bac- 
teria and sperm (28). It has been suggested that these 
compounds may have an antibacterial function and 
may also alter sperm function and motility. 


Phosphorylcholine 


Another group of positively charged amines present in 
the seminal fluid is that of the choline compounds. 
Of these, phosphorylcholine is the most prevalent 
in the human prostate. PAP in the semen acts on 


phosphorylcholine to produce free choline (29). The 
precise function of choline in seminal fluid, however, 
remains unknown. 


Prostatic Secretory Proteins 


The prostate produces a variety of proteins of which 
PSA and PAP are probably the most well known. 
However, the prostate also produces other proteins 
such as glycoproteins and small peptides (e.g., thyroid 
releasing hormone-like peptide, oxytocin, and growth 
factors). Secretion of these prostatic proteins is regu- 
lated by androgens, particularly 50-reduced andro- 
gens such as DHT. 


Prostate-Specific Antigen 


PSA was first isolated in 1971 (30). It is a 33-kDa glyco- 
protein that is found exclusively in the epithelial cells 
of the prostate. PSA is a serine protease, a member of 
the kallikrein family. It acts to cleave the major seminal 
vesicle protein present in the seminal coagulate and is 
thought to be important for the liquefaction of the 
semen (31,32). Under normal conditions, the basement 
membrane of the prostatic acini and blood-prostate 
barrier prevents passage of PSA into the circulation 
and the protein is released into the lumen of the acini 
and thus into the ejaculate. These barriers may be 
breached with the development of prostate cancer, 
causing PSA to pass out of the acini and into the 
general circulation producing elevated levels of PSA 
(see Chapter 41). 


Prostatic Acid Phosphatase 


PAP is a glycoprotein dimer with a molecular weight 
of 102 kDa (32). While acid phosphatase is found in 
other body tissues, activity of this enzyme is more than 
100 times higher in the prostate. Prostatic secretion of 
PAP is the major source of the high levels of this 
enzyme found in seminal fluid. Phosphatase enzymes 
hydrolyse organic monophosphate esters to release 
inorganic phosphate ions. Although the exact biologi- 
cal function of PAP is unclear, its natural substrate is 
probably phosphorylcholine, which is present in the 
seminal fluid (29). PAP has also been shown to act on 
protein tyrosine esters, which are the products of many 
oncogene protein tyrosine kinases (34). Before the 
identification of PSA, PAP was used as a marker for 
metastatic prostate cancer. However, with the advent 
of more specific and sensitive PSA assays, interest in 
PAP has declined. 


Prostatic Growth and Regulation 


Regulation of prostatic growth is a complex process 
involving the effects of endocrine, paracrine, and auto- 
crine factors as well as interactions between individual 
cells and the extracellular matrix. The maintenance of 
the size and structure of the prostate depends, at all 
times, on a balance between cell growth and regulated 
cell death (apoptosis). The mechanisms involved are 
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complicated and our current understanding is far from 
complete. Much of our knowledge at present relies, in 
part, on animal studies and in vitro experiments that 
have examined the effects of individual factors. The 
challenge for the future is to understand how all these 
parts of the puzzle fit together in man. 

The major factors known to be involved in prostate 
growth are summarized below. Mechanisms involved 
in the development and progression of disorders of 
prostate growth, such as BPH and prostate cancer, are 
discussed in Chapter 41. 


Androgens 


Androgens were the first factors shown to be impor- 
tant in the development of the prostate and regulation 
of prostatic growth. Early experiments showed that 
castration resulted in atrophy of the prostate but that 
these changes could be prevented by administering 
exogenous testosterone (35). Although testosterone is 
the most abundant androgen in the circulation, it is the 
5a-reduced steroid DHT that is the biologically active 
androgen. Testosterone is converted to DHT by the 
action of the enzyme 5-a-reductase (36). This enzyme 
exists in two isoforms, types I and II. Although both 
isoforms are present in the human prostate, type II is 
the predominant form. Conversion of testosterone to 
DHT occurs predominantly in the stromal tissue, with 
only approximately 10% of prostatic DHT being pro- 
duced in the epithelium (37). DHT is essential for both 
the development and maintenance of prostatic growth. 
Males who are deficient in 5-a-reductase exhibit a rare 
form of pseudohermaphroditism that results in femi- 
nization of the external genitalia and either a rudimen- 
tary or absent prostate (38). 

Within the prostatic cells, DHT binds to the hor- 
mone-binding domain of specific androgen receptors 
located within the nucleus. Androgen binding pro- 
motes a conformational change in the receptor that 
allows it to bind to DNA and activate gene transcrip- 
tion, resulting in the formation of new proteins. The 
androgen receptor gene is situated on the X chromo- 
some. Although it is a large gene (54 kb), only 17% of 
its nucleotides form message that is translated into 
protein. The remaining parts are involved in gene 
regulation and protein processing. In the normal pros- 
tate, androgen receptor is expressed in the stromal 
cells, some luminal cells, and endothelial cells (39). 

Much of our understanding of the actions of 
androgens comes from animal studies, particularly 
experiments using castrated rats. Castration results in 
atrophy of the ventral prostate with a decrease of 90% 
of the epithelial cells and 40% of stromal cells (40). 
Similar effects are seen after treatment of men with 
BPH by orchidectomy, although the predominant 
decrease in epithelial cells may not provide symptom- 
atic relief (41). In addition to decreased prostate size, 
castration also results in a reduction in the secretory 
function of the gland. Administration of androgen 
results in an increase in the synthesis and secretion of 
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prostatic proteins as well as an increase in DNA syn- 
thesis. In the rat, this increase in DNA synthesis is 
maintained until cell numbers reach the precastrate 
level (42). Thus, it appears that androgens may act via 
androgen receptors in the stroma to promote growth in 
the developing prostate and on epithelial cells to stim- 
ulate secretory activity in the adult. As in the develop- 
ing prostate (21), the interaction between the stromal 
and epithelial compartments of the gland play an 
important part in the actions of hormones and their 
effects on growth (Fig. 5). 


Estrogens 


Estrogens are produced in the male from conversion of 
testosterone by the aromatase enzyme. Conversion of 
testosterone occurs in the adipose tissue, the liver, and 
tissues of the male reproductive tract, including the 
prostate. While circulating concentrations of andro- 
gens decrease with age, those of estradiol increase. 
It has been postulated that the change in the ratio of 
androgen to estrogen may be important in the devel- 
opment of BPH. In the normal prostate, estrogens act 
synergistically with androgens. In the dog, treatment 
with estradiol plus 5a-reduced androgens results in an 
increase in size of the gland and the development of 
glandular hyperplasia compared with treatment with 
androgens alone (43). Recent studies have reported a 
dose-dependent increase in prostate size in castrated 
dogs treated with exogenous estradiol alone (44). There 
does seem to be some species specificity in this effect, 
with less dramatic changes seen in the rat (45). 
The mechanism of the synergistic action is unclear, 
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although estrogens have been shown to increase 
concentrations of the androgen receptor (46) and 
modify DHT formation. 

Estrogens also have a direct effect on stromal 
growth causing an increase in fibromuscular tissue. 
At high concentrations such as those seen around the 
time of birth, estrogen can induce squamous metapla- 
sia of the epithelial cells. More recent studies have also 
suggested that there is an imprinting effect. Exposure 
to estrogens during the development of the prostate 
may regulate the maximal growth that the gland can 
achieve (47). 

Both a and ß forms of the estrogen receptor have 
been identified in the prostate and their expression 
appears to vary in the normal and diseased prostate. 
For example, while only the 8 form is present on epi- 
thelial cells in the normal human prostate, both forms 
are seen in BPH and carcinoma of the gland (48). 


Other Hormones 


A variety of other hormones have also been implicated 
in the regulation of prostatic growth. Prolactin (49), for 
example, is thought to act by potentiating the effects of 
androgens by increasing androgen-receptor density. 
Prolactin also has direct actions on the prostate, stimu- 
lating production of insulin-like growth factor (IGF)-1 
and its receptor (50). Furthermore, transgenic mice that 
overexpress the prolactin gene develop dramatic 
enlargement of the prostate with an increase in both 
cell number and secretory products (51). More recently, 
prolactin has been shown to be produced locally within 
the epithelial cells of the rat and human prostate (52,53) 
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Figure5 Possible interactions of hormones 
on the epithelial and stromal compartments 
of the prostate. Abbreviations: —ve, negative 
effect; +ve, positive effect; AR, androgen 
receptor; DHT, dihydrotestosterone; E, estro- 
gen; GH, growth hormone; IGF, insulin-like 
growth factor; OT, oxytocin; PL, prolactin; 
T, testosterone. 


and the presence of prolactin receptors have been 
identified (54). 

Growth hormone has also been implicated in 
regulating prostatic function. Transgenic mice that 
overexpress growth hormone have moderately 
enlarged prostates (55). The hormone has also been 
shown to stimulate secretion of polyamines such as 
spermine. Although growth hormone receptors have 
been identified on epithelial and stromal cells from 
patients with BPH or carcinoma, they have not been 
seen in normal human tissue (56). Thyroid hormones 
have been demonstrated to modulate prostate weight 
and structure in the rat, and indeed the presence of a 
prostate-thyroid axis has been postulated with pros- 
tatic secretion, stimulating thyroid function (57). 
Another hormone implicated in prostatic function is 
oxytocin. Oxytocin is synthesized locally within the rat 
and human prostate (58) and receptors for the peptide 
have been demonstrated on the epithelial and stromal 
cells (59). Oxytocin has been shown to stimulate 
epithelial growth in the rat (60) and may also affect 
muscle tone (61). 


Growth Factors 


Androgens have profound effects on prostate growth, 
but evidence suggests that their actions may be indi- 
rect and mediated by growth factors. Growth factors 
act by binding to specific receptors and activating 
kinase enzymes (tyrosine kinase, cyclic AMP protein 
kinase A, and protein kinase C). Activation of these 
enzymes results in a cascade of phosphorylation of 
regulatory proteins that may be accompanied by intra- 
cellular release of calcium. These changes switch on 
the expression of specific growth factor—activated 
genes, which may promote or inhibit cell replication 
and growth. Many types of growth factors and their 
receptors have been identified in the prostate. How 
these factors interact together to regulate growth is 
beginning to be understood. 


Fibroblast Growth Factors 


The fibroblast growth factor (FGF) family, also 
known as heparin-binding growth factors, consists 
of more than 10 members, including acidic FGF 
(aFGF/FGF1), basic FGF (bFGF/FGF2), and kerati- 
nocyte growth factor. These growth factors appear to 
act through common receptors and are regulated by 
androgens (62). They act as mitogens in both epithe- 
lial and cells of mesenchymal origin. In the rat and 
man, FGF1 and FGF7 appear to be involved in pros- 
tate development (63), whereas FGF9 may regulate 
growth in the adult (64). In the adult, levels of FGF1 
are undetectable and other FGFs such as FGF2 are 
more highly expressed (65). 


Epidermal Growth Factor 


Epidermal growth factor (EGF) is part of a family of 
growth factors that includes transforming growth 
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factor æ (TGFaq). Both EGF and TGFa signal through 
the EGF receptor, a tyrosine kinase, and promote cell 
proliferation. EGF is necessary for human prostate 
cells to grow in vitro. Expression of EGF and TGFa@ is 
modulated by androgens and varies in the normal and 
diseased prostate. In the normal prostate, EGF, TGFa, 
and the EGF receptor are localized to the basal cells 
with some staining for TGFa@ also in smooth-muscle 
cells (66,67). In BPH and prostatic carcinoma, expres- 
sion of both growth factors and receptor is increased 
and is present in luminal epithelial cells. 


Transforming Growth Factor B 


Transforming growth factor B (TGF) is related to the 
proteins inhibin and Mullerian-inhibiting substance. 
TGFf exists as five isoforms, three of which (TGFB,_3) 
are found in mammals. TGF is an inhibitor of normal 
prostate epithelial growth and has been shown to block 
androgen-induced development of the ductal system 
in the neonatal rat (68). TGFB is regulated by andro- 
gens and its secretion may also be modified by estro- 
gen (69). While TGF inhibits epithelial growth, there 
is evidence that it may also stimulate stromal growth, 
which may account for the increased expression of 
TGF£, observed in BPH (70). 


Insulin-Like Growth Factors 


The insulin growth factor family consists of IGF-I 
and -II and their respective receptors. The system is 
complicated further by the presence of a family of IGF 
binding proteins (IGF-BPs). Thus, IGF action can be 
regulated at the level of the growth factor, receptor, or 
BP. For example, recent studies have established that 
PSA can cleave IGF-BP3 in vitro, thus increasing the 
concentrations of biologically available IGF-I (71). In 
the rodent, IGF promotes prostatic growth, but its role 
in the normal human prostate is unclear. Both IGF-I 
and -II receptors have been identified in prostatic cells, 
and IGF-I has been identified in the stromal cells of 
BPH tissues (72). Men with elevated circulating IGF-I 
levels are also at higher risk of developing carcinoma 
of the prostate (73). 

Understanding how these various factors inter- 
act together remains a challenge. Current evidence 
suggests that FGFs, EGF, TGFa, and IGFs may act to 
promote epithelial and stromal growth, with TGF 
acting as an inhibitor to balance these effects on epithe- 
lial growth (Fig. 6). The factors involved in preventing 
hyperproliferation of stromal cells remains unclear at 
the present time. 


Nervous Regulation 


There is growing evidence that neural input is involved 
in controlling prostatic growth. Catecholamines have 
been shown to have mitogenic effects on stromal cells 
(74). This effect may result directly from activation of 
adrenergic receptors or indirectly by inducing 
the production of other growth factors such as EGF. 
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Figure 6 Possible interactions of growth factors on the epithelial and 
stromal compartments of the prostate. Abbreviations: —ve, negative 
effect; +ve, positive effect; EGF, epidermal growth factor; FGF, 
fibroblast growth factor; IGF, insulin-like growth factor; TGF, trans- 
forming growth factor. 


Recent studies have also shown that alpha-1 adrener- 
gic inhibitors may inhibit growth of both epithelial and 
stromal cells by stimulating apoptosis (75). Denervation 
of the rat prostate results in morphological changes 
involving a decrease in the height and a reduction of 
microvilli on epithelial cells (76). Furthermore, results 
from experiments where either the sympathetic or the 
parasympathetic innervation of the prostate is ablated 
suggest that the two parts of the autonomic nervous 
system may have opposing effects on prostatic growth 
(77). Loss of the sympathetic supply results in atrophy, 
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while parasympathectomy promotes hyperplasia of 
the rat ventral prostate. Although these effects are less 
dramatic than those seen with androgens, they suggest 
that an intact nerve supply is necessary to obtain maxi- 
mal prostatic growth in the rat. 


O CONCLUSION 


The prostate is one of the male accessory sex glands. It 
lies at the base of the bladder and completely encircles 
the urethra. The ejaculatory ducts carrying spermato- 
zoa and secretions from the seminal vesicles pass 
through the prostate and open into the prostatic ure- 
thra. The prostate consists of glandular tissue that 
produces various components of the seminal fluid. The 
gland can be divided into several zones that differ in 
their histological appearance and their propensity to 
develop benign and malignant disease. 

Regulation of prostate growth and secretion are 
important in both health and disease. Androgens, par- 
ticularly 50-reduced steroids such as DHT, are impor- 
tant in the stimulation of both prostate growth and 
secretion. Other hormones such as prolactin, growth 
hormone, oxytocin, and estrogen are also involved in 
these processes. Estrogen stimulates growth of the 
stromal tissue and changes in the ratio of estrogen to 
androgen with aging have been implicated in the 
development of benign prostate disease. Recent stud- 
ies have also shown that, as well as having a direct 
effect on cell growth, androgens may act indirectly by 
modulating growth factor production. Several growth 
factors have been identified within the human prostate 
and have been shown to have physiological effects on 
cell growth. Understanding how these various hor- 
mones and growth factors interact should provide 
insight into the regulation of prostate growth and 
function in health and disease. 
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O INTRODUCTION 


In the sixteenth century, the Chinese Textbook of 
Internal Medicine was the first to suggest the existence 
of a period of male menopause that began in the fifth 
decade of life (1). Toward the end of the nineteenth 
century, Brown-Sequard, the French neurologist, tried 
to rejuvenate himself by injecting an aqueous extract of 
animal testes. This led Victor DeLespinase in Chicago 
to undertake the first human testicular transplant in an 
attempt to delay the aging process. The shortage of 
available human testis donors led to Serge Voronoff 
introducing the concept of chimpanzee testicular trans- 
plants for the rich in search of the fountain of youth. 
This approach was highly utilized in the first part of 
the twentieth century. It was not until the 1930s, how- 
ever, that testosterone was isolated from bull testes, 
enabling its synthetic manufacture. 

In the 1940s, testosterone replacement began to 
be utilized for this male “climacteric,” which was 
defined by Werner (2) in 1946 as having the following 
symptoms: nervousness (90%), decreased potency 
(90%), decreased libido (80%), irritability (80%), 
fatigue (80%), depression (77%), memory problems 
(76%), sleep disturbances (59%), numbness and tin- 
gling (44%), and hot flashes (29%). Even the great 
author Ernest Hemmingway took testosterone 
replacement for the last 10 years of his life in an effort 
to minimize this vast constellation of symptoms. 
Unfortunately, despite these auspicious beginnings, 
numerous physicians began to treat all symptoms 
in older males with testosterone, leading to the fall 
of the male climacteric into disrepute for the next 
40 years. 

Since that time, numerous names have been used 
for the syndrome seen in symptomatic older males as a 
result of testosterone decline. At present, neither “male 
menopause” nor “climacteric” is considered to be a 
politically correct term. At present, the most accept- 
able terms are “andropause” and “androgen deficiency 


in aging males” (ADAM). A more colloquial term is 
“machopause.” 

This chapter explores the effects of aging on tes- 
tosterone, the role of the various available assays in 
measuring testosterone in older men, the pathogenesis 
of the fall in testosterone levels with aging, and the 
effects of testosterone deficiency and replacement in 
aging men. 


O AGING AND TESTOSTERONE 


It is now well established that testosterone levels 
decline with aging. This has been demonstrated in 
both cross-sectional and longitudinal studies (3-7). 
The rate of fall of testosterone is approximately 10% 
per decade (7) and occurs with a concurrent increase in 
sex hormone-binding globulin (SHBG) levels. 

The increase in SHBG levels makes total testoster- 
one a poor measure of bioavailable or tissue-available 
testosterone in older males (8-12). For this reason, some 
measurement of either bioavailable testosterone (BT) 
utilizing the ammonium sulfate stripping technique or 
a calculated BT (cBT) is preferred. Alternatively, a free- 
testosterone level obtained by dialysis, ultracentrifuga- 
tion, or calculated free-testosterone can be used. Table 1 
demonstrates the studies showing a significant rela- 
tionship between BT and symptoms of androgen defi- 
ciency. Because BT is not always available, the authors 
have developed a cBT that utilizes total testosterone 
and SHBG: 


cBT = 4(T — SHBG - Kp + V(T —- SHBG - Kp)? + 4 
x Kp x SHBG), where Kp = 5.88 x 10° M. 


Older persons tend to have an equilibrium disso- 
ciation constant (Kp) for the BT assay that is twice that 
of younger persons, and this value should be used for 
persons over 60 years of age. 

The reason for the decline in testosterone with 
aging is multifactorial. While there is a decrease in 
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Table 1 Studies Demonstrating a Relationship Between 
Bioavailable Testosterone and the Symptoms of Androgen 
Deficiency 


Symptom Author 

Libido Schiavi et al. (13) 
Quality of life Haren et al. (14) 

Mood Barrett-Conner et al. (15) 
Memory Morley et al. (16), 


Barrett-Conner et al. (17) 
English et al. (18) 
Kenny et al. (19) 
Miller et al. (20), Haren et al. (21) 
Miller et al. (20) 


Coronary artery disease 
Bone mineral density 
Muscle strength 
Function 


testosterone production from the testes when human 
chorionic gonadotropin is administered (21-24), in most 
older men, the major changes appear to take place within 
the hypothalamic—pituitary unit. There is a decline in 
pituitary responsiveness to low dose of gonadotropin- 
releasing hormone (GnRH) (10). In addition, the secre- 
tion of GnRH becomes more chaotic with aging, resulting 
in altered pulsatility of luteinizing hormone (LH) pro- 
duction (25). LH levels, while increasing slightly, tend to 
remain in the normal range except in the very old, in 
whom marked increases in LH levels have been 
observed (7). Typically, LH pulse amplitude is reduced 
and the pulse frequency tends to be inappropriately 
normal (26). LH secretion is also more disorderly. 

With aging, there is a decrease in seminiferous 
tubules and a decrease in sperm production (27). This 
results in a fall in inhibin (28) and an increase in activin 
(29) levels. Follicle-stimulating hormone (FSH) levels 
increase monotonically throughout the lifespan after 
the age of 40 years. There is an increase in FSH pulse 
amplitude, and the secretion of FSH remains orderly. 

Adrenal androgens decline with aging (16). 
Estradiol shows minimal changes, but bioavailable 
estradiol declines with aging (30). Table 2 summarizes 
the changes in sex hormones seen with aging in males. 


O EFFECTS OF TESTOSTERONE IN 
OLDER MALES 
Sexual Life 


The decline in BT with aging is strongly correlated 
with libido and male sexuality (13). Numerous studies 
have demonstrated that testosterone replacement in 
older men increases libido and, to a lesser extent, sexual 
performance (1,31). Testosterone is necessary for the 
production of nitric oxide synthase, which plays a 
pivotal role in penile tumescence. It should be noted 
that older men will have enhanced responses to 
sildenafil after testosterone replacement. 


Muscle 


Low free-testosterone index correlates with a loss of 
muscle mass (sarcopenia) and strength in older men 
(20,32). Several studies have demonstrated that 


Table 2 Changes of Sex Hormones and Anatomy Seen with 
Aging in Males 


Hormones 

Decreased total testosterone (1% per yr) and “free” 
testosterone 

Increased sex hormone-binding globulin 

Markedly decreased bioavailable testosterone 

Normal estradiol 

Decreased bioavailable estradiol 

Normal or mild decrease dihydrotestosterone 

Decreased androstanedione (1.3% per yr) 

Decreased dehydroepiandrosterone (3.1% per yr) and its 
sulfate (2.2% per yr) 

Decreased pregnenolone and its sulfate 

Normal LH increasing over 80 yr 

Decreased bioactive to immunoactive LH 

Increased follicle-stimulating hormone 

Decreased inhibin 

Increased activin 


Anatomy 

Decreased testicular size and weight 

Decreased number of Leydig cells with intracellular 
vacuolizations and lipofuscin 

Decreased Sertoli cell number 

Patchy seminiferous tubule degeneration 

Impaired sperm maturation and morphology 


Abbreviation: LH, luteinizing hormone. 


testosterone replacement increases lean body mass and 
upper muscle strength (33-45). The effects on strength, 
however, are less robust than the effects on muscle 
mass. The studies that have examined the effect of 
testosterone on muscle are summarized in Table 3. 


Bone Mineral Density 


The relationship of testosterone to bone mineral density 
has been less clear (47,48). One study did demonstrate a 
relationship of BT to bone mineral density (19). Three 
studies have shown that the prevalence of minimal 
trauma hip fracture is related to low testosterone 
(49-51). Testosterone replacement therapy has been 
shown to increase bone mineral density in a number of 
studies (Table 4) (41—-43,46,52) and this benefit appears to 
enhance even the effects of vitamin D and calcium. 

The mechanisms by which testosterone increases 
bone mineral density seem to occur mainly through its 
conversion to estradiol. Studies in young men with 
estrogen receptor or aromatase deficiencies suggest that 
bone growth mainly depends on estrogen (53). 
Bioavailable estradiol correlates better with bone 
mineral density than does BT (54,55). In older men, 
when testosterone is inhibited and either estrogen or 
testosterone is replaced, estrogen inhibits osteoclastic 
activity and stimulates osteoblastic activity while 
testosterone only has a small effect on the stimulation of 
osteoblastic activity (56). 


Function 


Testosterone and BT have been demonstrated to corre- 
late with function in older males (45). A small study 
has shown that testosterone replacement following 
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Table 3 The Effect of Testosterone Replacement on Muscle in Older Men 


Length of Upper limb Lower limb 
Author (Ref.) No. treatment Type of trial Lean mass strength strength 
Tenover (37) 13 3 mo Placebo i NC — 
Morley et al. (33) 8 3 mo Uncontrolled — iN — 
Marin et al. (38) 31 9 mo Uncontrolled NC — — 
Urban et al. (35) 6 1 mo Uncontrolled i NC i 
Katznelson et al. (36) 27 18 mo Uncontrolled T — — 
Reid et al. (46) 15 12 mo Controlled T — — 
Sih et al. (34) 17 12 mo Placebo, blind NC tT — 
Snyder et al. (40) 54 36 mo Placebo, blind il NC — 
Kenny et al. (42) 34 12 mo Placebo, blind Y — NC 
Bebb et al. (43)2 ? 12 mo Placebo, blind T = NC 
Blackman et al. (39) 17 6 mo Placebo, blind T j NC 
Tenover et al. (41) ? 36 mo Placebo, blind il tt — 
Clague et al. (45) 7 3 mo Uncontrolled NC NC — 
Bakhshi et al. (44) 9 2 mo Uncontrolled — T — 


aAbstracts only. 
Abbreviation: NC, no change. 


hospitalization in men undergoing rehabilitation 
improved the functional index measure as a rehabilita- 
tion outcome (44). 


Cognition 


It has been demonstrated that BT is correlated 
with some cognitive functions (16,17). Testosterone 
replacement in the SAMP8, an animal model of 
Alzheimer’s, reversed the memory defect by reducing 
the overproduction of amyloid precursor protein 
(57,58). Studies in humans suggest that testosterone 
replacement in older hypogonadal males improves 
visuospatial memory (59-61). (Further information on 
this topic can be found in Chapter 10.) 


Fat and Leptin 


Testosterone replacement reduced body fat in older 
males (62). Both cross-sectionally (63,64) and longitu- 
dinally (65,66), it has been shown that leptin increases 
with age when expressed per unit of adipose tissue. 
This increase was strongly related to the fall in testos- 
terone. Testosterone replacement decreased leptin 
levels (34,66). 

Leptin has been postulated to play a role in the 
physiological anorexia of aging (67). Figure 1 illustrates 
the postulated mechanism by which testosterone 


Table 4 Effects of Testosterone Replacement on Bone 
Mineral Density in Older Males 


Length of Calcium + 

Author (Ref.) study (mo) vitamin D Effect 
Reid (46) 12 No fi 
Snyder (40) 36 In some Ta 
Kenny (42) 12 Yes t 
Tenover (41) 36 No T 
Bebb (43) 12 Yes il 
Katznelson (36) 18 No il 


aOnly in those with low bone mineral density. 
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Figure 1 Role of decreased testosterone in the pathogenesis of 
the anorexia of aging. Abbreviation: LH, luteinizing hormone. 


decline leads to an increase in leptin and a decrease in 
Neuropeptide Y and nitric oxide, resulting in anorexia. 


Atherosclerosis 


Numerous epidemiological studies have found that 
low testosterone levels are associated with coronary 
artery disease (68). Interestingly, atherosclerotic plaques 
in the coronary arteries are more numerous in persons 
with low testosterone levels (69). Acute administration 
of testosterone, however, produced coronary artery 
vasodilation (70,71). 

A number of studies have shown that testoster- 
one replacement will reduce angina (Table 5) (18,72- 
74). Testosterone replacement also reduced ST 
depression during a stress test in men who had experi- 
enced a previous myocardial infarction (75). 
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Table 5 Effect of Testosterone Replacement on Angina 


Author (Ref.) No. Effect 


Walker (73) 9 Decrease in severity of pain in 
7 patients 
Relief from angina 
Angina was relieved in 77.4% 
and myocardial ischemia on 
Holter improved 
Decreased pain perception role 
limitation and an increase in 
time to 1 mm ST-segment 
depression 


Hamm (74) 7 
Wu (72) 31 


English et al. (18) 23 


Insulin Growth Factor 


Testosterone increased serum insulin growth factor 1 
(IGF I) (39) and mRNA for IGF I in muscle (34). 


O SCREENING FOR ADAM 


Two screening tests have been developed to detect 
ADAM. The first test is based on data from 1660 men 
participating in the Massachusetts Aging Male Study, 
with ages from 40 to 79 years. Predominantly screen- 
ing for risk factors, elements of this test include treated 
diabetes, body mass index, age, headaches, current 
nonsmoking, treated asthma, low dominance, and 
sleeplessness (76). While initial results were deter- 
mined to have a sensitivity of 71% and a specificity of 
53%, retesting of 382 of these males in an outpatient 
setting produced a sensitivity of 76% and a specificity 
of 49%. 

The other screening test is known as the ADAM 
questionnaire and is based on a 10-point forced 
yes-or-no style (see the Appendix at the end of this 
chapter) (77). Developed initially in a sample of 316 
males aged 40 to 82 years, it demonstrated a sensitiv- 
ity of 88% and a specificity of 60%. When patients 
with low testosterone levels and a positive ADAM 
questionnaire were treated, they had a marked reduc- 
tion in their ADAM scores. The major reason for a 
false positive on the ADAM questionnaire is severe 
dysphoria. 


O TESTOSTERONE REPLACEMENT 


For further information on this topic, please refer to 
Chapter 29 entitled “Androgen Replacement Therapy.” 


O SIDE EFFECTS OF TESTOSTERONE 
REPLACEMENT IN OLDER MALES 


Testosterone replacement is known to cause a number 
of significant side effects in men (Table 6). For example, 


Table 6 Major Side Effects of Testosterone Replacement in 
Older Men 


Elevated hematocrit — stroke 

Increased symptoms with prostate cancer 
Edema (water retention) 

Hypertension worsens 

Gynecomastia 

Worsened sleep apnea 

Decreased HDL-cholesterol 

Liver dysfunction 


Abbreviation: HDL, high-density lipoprotein. 


testosterone has been shown to increase hematocrit 
through an erythropoietin-independent mechanism. 
When the hematocrit rises above 55%, there is an 
increased risk of stroke. 

In severely hypogonadal older males, there is a 
small increase in the prostate-specific antigen (PSA) 
when testosterone is replaced. In most older males, 
there is no change in PSA with testosterone replace- 
ment (1). Testosterone therapy does not appear to 
increase prostate growth in most older persons with 
benign prostate hypertrophy (78,79). 

It is important to note that testosterone replace- 
ment accelerates the growth of established prostate 
cancer (80). There has been no evidence, however, that 
testosterone causes growth of prostate cancer in situ. 
Prostate cancer is associated with very low testoster- 
one levels in epidemiological studies (81,82). More 
studies are necessary to determine the relationship of 
testosterone and dihydrotestosterone to the pathogen- 
esis of prostate cancer. 

No definitive evidence has been found of the 
long-term effects of testosterone replacement on men. 
In one long-term study, Gooren (83) followed eight 
men over 50 years, who had received testosterone 
replacement for a 10-year term. No discernible adverse 
effects, however, were detected. 

The effects of testosterone replacement on sleep 
apnea appear to be unclear, as one study has demon- 
strated a worsening of sleep apnea with testosterone 
treatment (84) while another did not (52). 


O CONCLUSION 


There is a continuous decline in BT with aging. This 
decline is associated with a variety of symptoms, 
many of which may be reversed by the use of testos- 
terone replacement therapy in testosterone-deficient 
older males. The ADAM questionnaire is considered 
to be an adequate screening test for the presence of 
andropause during the initial evaluation of symptom- 
atic patients. There is no adequate data on the 
long-term safety of testosterone replacement. A greater 
understanding about the effects of testosterone 
replacement is needed. 
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Androgen Deficiency in the Aging Male (ADAM) Questionnaire 


The ADAM questionnaire is a simple, one-time, yes-or-no self-quiz that can assist 
a patient in deciding whether or not to talk with his doctor about his symptoms. 


. Do you have a lack of energy? 
. Have you lost height? 


. Are you sad and/or grumpy? 
. Are your erections less strong? 


OONDOARWN = 


. Are you falling asleep after dinner? 


. Do you have a decrease in libido (sex drive)? 


. Have you noticed a decreased “enjoyment of life”? 


. Do you have a decrease in strength and/or endurance? 


. Have you noted a recent deterioration in your ability to play sports? 


10. Has there been a recent deterioration in your work performance? 


Source: St. Louis University, ADAM Questionnaire; this questionnaire was developed by John E. Morley, M.B., 
B.Ch. It is to be used solely as a screening tool to assist your physician in diagnosing androgen deficiency. 
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O INTRODUCTION 


The highly coordinated process by which very large 
numbers of spermatozoa are produced on a daily basis 
from puberty onward has been well described for a 
variety of species (1,2). The kinetics of spermatogenesis 
reveals that, once established, the process does not 
accelerate or decelerate (1). New generations of 
spermatozoa are continuously initiated in the seminif- 
erous epithelium of the adult; hence, germ cells leav- 
ing the testis on an ongoing basis have been dividing 
and differentiating for a relatively short period of 
time, in the range of 35 to 64 days, depending on the 
mammalian species. As a consequence, a common con- 
clusion has been that, unlike female germ cells, male 
germ cells are always freshly made and hence do not 
age. Yet, the cells from which male germ cells arise, the 
pale spermatogonia, act as stem cells and are present 
throughout the lifespan of the male. 

Very few studies have investigated how sperm 
quality is affected by advancing age, that is, whether 
the spermatogonia that divide to produce subsequent 
generations of germ cells accumulate damage that 
results in spermatozoa of diminished quality as indi- 
viduals age; however, several clinical studies as well as 
studies using models of animal aging indicate that 
there are significant changes that occur in spermatozoa 
as males enter advanced age and that such changes 
have consequences for the progeny. 

This chapter discusses the effects of aging: on 
semen properties, in animal models to study the aging 
of male germ cells, on the quality and structure of chro- 
matin and DNA in sperm nuclei, on the epidemiologi- 
cal aspects of male-mediated genetic defects, and 
finally on potential factors that could influence the 
quality of spermatozoa. 


O CHANGES IN SEMEN CHARACTERISTICS 
WITH AGE 


There have been many studies aimed at shedding 
light on the effects of aging on semen quality, a key 
indicator of male fertility. The results of these studies, 


however, should be interpreted with caution, as there 
are several common factors that render the interpreta- 
tion difficult. These factors include: (i) duration of 
abstinence, which has been shown to increase signifi- 
cantly with age (3), (ii) age of the female partner, 
(iii) appropriate selection criteria, (iv) appropriate con- 
trols, and (v) a sufficiently large study population. 
Taking into account these confounding factors, several 
detailed analyses of existing clinical data were made 
recently of the impact of age on various semen param- 
eters as well as on fertility (3—5). 


Semen Volume 


In most studies (4,6), semen volume was one of the 
parameters that changed consistently with age, with 
decreases ranging from 3% to 22%. Plas et al. (5) also 
found semen volume to have a decreasing trend with 
age, from 1% (for 30-year-old men) to 40% (for 50-year- 
old men). Although not all studies showed statistically 
significant effects, overall they demonstrated a strong 
trend for decreased semen volume with age. 

There may be several reasons for this decrease. 
The well-established decrease in serum androgens 
during aging (7-9) may certainly be a contributing 
factor; this would result in decreased secretions from 
sex accessory glands (e.g., seminal vesicles and 
prostate) and hence in a reduced semen volume. 
Another possible explanation is decreased daily sperm 
production/gram of testicular parenchyma: it has been 
shown to be decreased by about 30% in men aged 51 to 
80 years, compared to men aged 21 to 50 years (10). 


Concentration of Spermatozoa 


There appears to be a similar number of studies of 
comparable quality that report increased, decreased, 
or unchanged spermatozoa concentrations (3-5). 
Therefore, the evidence regarding this parameter is 
inconclusive and is possibly indicative of no change 
associated with age. 


Sperm Motility 


The parameter that showed the greatest and consistent 
change with age was the motility of spermatozoa, 
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where decreases of 2% to 37% were reported with age 
(3,4). This decrease in motility was usually assessed by 
using standard parameters, as recommended in the 
WHO guidelines; however, detailed analyses of the 
effects of age on the characteristics of sperm motility 
using computerized tracking of sperm motion 
have not yet been done in humans, although animal 
studies suggest that such parameters may be affected 
by age (11). 


Sperm Morphology 


There appears to be a consistent increase in the inci- 
dence of abnormal spermatozoa with advancing age, 
but the nature of the observed abnormalities is poorly 
defined (3,4). More commonly reported defects in sper- 
matozoa of older males are increased incidences of 
sperm-tail defects such as coiling or bending of tails 
(5). Detailed examinations of these defects using more 
powerful tools such as electron microscopy or specific 
markers for structural proteins have yet to be done. 


Fertility 


Several studies indicate that there is a decrease in fer- 
tility with advancing paternal age (3,12,13). While 
some studies that examine the male factor in age- 
dependent changes in infertility take into account the 
age of the female partner, others do not; this has 
resulted in some reports indicating exceedingly longer 
time to pregnancy (TTP). Another problem with most 
studies that seek to examine the impact of the father’s 
age on fertility is that the subject population is often 
selected from infertility and assisted-conception clin- 
ics; this can potentially bias the studies because the 
subjects are more likely to be prone to fertility prob- 
lems. Additionally, the problem with studying TTP is 
that it does not take into account failed attempts at 
conception. Therefore, it is difficult at this time to 
extend findings of age-related declines in fertility to 
the general population of males without preexisting 
fertility problems. 

Hassan and Killick (14) conducted a particularly 
well-controlled analysis of the relationship between 
TTP and male age in a large study population, which 
recruited participants without predetermined fertility 
problems and controlled for the age of the female part- 
ner. They found that increasing male age was associ- 
ated with a significant decline in fertility, with men 
over 45 years of age having a fivefold longer TTP than 
younger men. To establish a firm footing for conclud- 
ing that fertility is affected by aging of the male part- 
ner, additional studies taking a similar approach are 
necessary. 


O ANIMAL MODELS USED TO STUDY AGING 
OF MALE GERM CELLS 


The intrinsic difficulty associated with conducting 
aging studies with human subjects to investigate repro- 
duction has prompted investigators to search for animal 


models of male reproductive aging that would provide 
results that could be translated to humans. Although 
several strains of mice have been found to show pre- 
mature aging [e.g., klotho, senescence accelerated 
mouse (SAM) (15,16)], remarkable differences exist 
between these strains. The reproductive system was 
not extensively studied in any of the strains of mice, 
nor were there changes that suggest they would be 
good models for human male reproductive aging. The 
Brown Norway rat, however, has been established as a 
highly robust model for the study of male reproduc- 
tive aging (17-21). This strain of rat has a long lifespan 
(up to 40 months), does not exhibit many of the age- 
related pathologies found in other rat strains, such as 
pituitary and Leydig cell tumors, and does not become 
obese. There are striking changes in the testis of these 
animals even though no disease is apparent. Aging of 
the testis in the Brown Norway rat is marked by a 
gradual decrease in the percentage of normal seminif- 
erous tubules, total sperm count, and the ability of 
Leydig cells to produce testosterone as well as several 
genes and enzymes associated with testosterone pro- 
duction (17-24). Importantly, the decreases seen with 
age in spermatogenesis and steroidogenesis in the 
Brown Norway rat have been reported to occur also in 
aging men (25,26). Additionally, there are dramatic 
changes in the epididymal epithelial architecture (27— 
29) and gene expression (30) as Brown Norway rats 
age. Few studies, however, have been designed to test 
directly the effects of advancing age on the quality of 
spermatozoa (11,31,32). 

The authors of this chapter conducted a study in 
which male rats of increasing age (3-24 months) were 
mated with young females; pregnancy outcome was 
assessed by counting the numbers of corpora lutea, 
resorptions, and live fetuses on day 20 of gestation 
(32). To evaluate progeny outcome, pups were exam- 
ined for external malformations and weighed daily for 
two months. There were no significant changes in the 
numbers of resorptions and live offspring or in the 
incidence of external malformations. There was, how- 
ever, more than a threefold increase in the percent of 
preimplantation loss (corpora lutea minus implanta- 
tion sites) in litters fathered by old as compared to 
young males (Fig. 1, top left). Surprisingly, there was a 
significant decrease in the average fetal weight that 
was directly associated with increasing paternal age 
(Fig. 1, top right). In addition, a greater than threefold 
increase in neonatal deaths was found for progeny 
fathered by older males (Fig. 1, bottom right). These 
results clearly indicate that the quality of spermatozoa 
decreases as males age. 

Based on this demonstration that progeny out- 
come is altered by paternal aging (32) and the observa- 
tions that there is age-dependent deterioration of the 
seminiferous tubules (19,33) and epididymal epithelia 
(27), the authors hypothesized that formation of sper- 
matozoa in the testis and maturation of spermatozoa 
in the epididymis (i.e., acquisition of motility and loss 
of the cytoplasmic droplet) may be altered during 
aging (11). A marked increase was found in the number 
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Figure 1 Effect of increasing age on fertility parameters of male Brown Norway rats. All studies were done using male Brown Norway rats aged 
3, 12, 18, and 24 months mated with young female Sprague Dawley rats. (Top left) Percent preimplantation loss, defined as the number of 
corpora lutea minus the number of implantation sites. (Bottom left) Percent postimplantation loss, defined as the number of implantation sites 
minus the number of fetuses on day 20 of gestation. (Top right) Mean fetal weight per liter on day 20 of gestation. (Bottom right) Neonatal death 
rate of pups during the first four days after birth. Bars represent mean + SEM, n = 6.*p < 0.05, by ANOVA and Tukey’s test. Abbreviations: 
ANOVA, analysis of variance; SEM, standard error of the mean. Source: From Ref. 32. 


of abnormal flagellar midpieces of spermatozoa with 
age, suggesting that the formation of spermatozoa in 
the testes of older males is defective (Fig. 2). In the 
caput epididymidis, the percentage of motile sperm 
was similar in young and old rats. In contrast, the per- 
centage of motile spermatozoa was significantly 
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decreased in the cauda epididymidis of old rats. 
Furthermore, the proportion of spermatozoa that retained 
their cytoplasmic droplet was markedly elevated. Some 
of these effects are likely to be due to changes taking 
place in spermatozoa during the process of spermato- 
genesis (e.g., formation of the flagellum), while others 


Figure 2 Percentage of cauda epididymal spermatozoa showing an 
abnormal flagellar midpiece or the presence of several tails surrounded 
by the same membrane in rats aged 3, 12, 18, and 24 months. Bars 
represent mean + SEM, “values differ significantly from three-month-old 
BN rat by Student’s t test, p < 0.05. Abbreviations: BN, Brown Norway; 
SEM, standard error of the mean. Source: From Ref. 11. 
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could occur during sperm maturation in the epididy- 
mis (e.g., acquisition of motility). The multiple effects 
of aging on sperm morphology, the acquisition of 
motility, and the shedding of the cytoplasmic droplet 
further indicate that the quality of spermatozoa is 
affected by aging. 


O EFFECTS OF AGE ON THE SPERM 
GENOME 
Epidemiological Considerations 


The impact of age on the chromatin quality of sperm is 
most dramatically evidenced by human diseases that 
exhibit a “paternal age effect.” This is defined by an 
increase in the age of the father correlating with an 
increased risk of parenting abnormal offspring or off- 
spring that are more likely to acquire diseases. The 
father donates only DNA to his offspring; hence, the 
cause of this effect must be genetic in origin. In 1955, 
Penrose (34) was the first to recognize that the increased 
frequency of certain disorders in children born to older 
parents could primarily be attributed to advanced 
paternal age. Achondroplasia, the most common form 
of dwarfism, occurs as a result of an autosomal- 
dominant mutation in the fibroblast growth factor 3 
(FGF3) gene. After controlling for the age of the mother, 
Penrose demonstrated that children born with the dis- 
ease were more likely to have older fathers. 

Autosomal-dominant mutations that are com- 
pletely penetrant in the heterozygote are the easiest 
diseases in which to discern a paternal age effect. 
Several other diseases of this type also have been 
shown to possess a strong paternal age effect (35). 
More recently, several diseases of complex etiology 
have been associated with a paternal age effect; these 
include schizophrenia and general psychosis (36,37), 
Alzheimer’s disease (38), cardiac defects (39), and some 
cancers (40), all of which exhibit increased relative risk 
for children born to older fathers. In addition, daugh- 
ters born to older fathers exhibit decreased longevity 
(41). Although the absolute cause(s) of these diseases 
are unknown, the paternal age effect underlines the 
presence of a genetic component. 

There was a controversy regarding the effect of 
paternal age on reproductive success in humans. 
A study by Selvin and Garfinkel (42) showed that the 
proportion of abortions in or after the 20th week of 
gestation increased with paternal age (independent of 
maternal age), although a later study did not observe 
this effect (43). A large study of approximately nine 
million pregnancies in the United States demonstrated 
that offspring of fathers who were more than 10 years 
older than their partners were generally at increased 
risk of fetal death, decreased birth weight, and preterm 
delivery (44). These findings have recently been sup- 
ported by others (45,46), although an increase in gen- 
eral birth defects was not found (47). It is interesting to 
note the similarity between these reports and the 
results described for the Brown Norway rat above. 


Genetic Evidence for Aging of 
Male Germ Cells 


There are many types of genetic insults that can occur in 
sperm chromatin, and diseases that exhibit a paternal 
age effect are caused by various types of mutations. 
Diseases that show such an effect are most commonly 
the result of single base substitutions (48). The types and 
frequencies of mutations that occur in normal and aged 
sperm, however, cannot be directly linked to the causes 
or frequency of de novo germline genetic disease in the 
progeny. Genetic abnormalities in sperm are assumed 
to be much greater, because many mutations are neutral 
or recessive, and mutations in genes essential for game- 
togenesis or embryogenesis might not result in fertiliza- 
tion or a live birth. Knowledge of the effects of age on 
sperm chromatin quality is important for understand- 
ing many aspects of reproductive function, including 
infertility, abnormal fetal development, and perinatal 
outcomes, as well as de novo genetic diseases. 

Very little experimental data are available on the 
age-dependent genetic integrity of sperm. Studies in 
mice detected an elevated mutation frequency in the 
germ cells and sperm from old animals (49,50). These 
studies clearly demonstrated that the genetic integrity 
of mature sperm was affected by the age of the animal. 
A direct measurement of mutation rates in germ cells 
of men has yet to be done. Using the sperm chromatin 
structure assay, Evensong and Wyrobek (personal 
communication, 2003) found a direct correlation 
between the DNA fragmentation index and increasing 
age of men. In a large population study, this index rose 
above 0.3 (the threshold associated with lower fertility) 
in men older than 50. 

Chromosomal nondisjunction during gametic 
meiotic division results in numerical chromosomal 
abnormalities and causes the most common congenital 
anomalies observed in humans. The prevalence of 
Down’s syndrome in natural births is approximately 
1/100 (51), and its relationship to maternal age is well 
established. Nondisjunction in male germ cells accounts 
for only 7% to 10% of Down’s syndrome births (52), yet 
accounts for 50% of Klinefelter patients (53), which 
occurs in 1/500 male births (54). The absolute rate of 
chromosomal aberrations in the sperm of healthy men 
is much higher than what would be expected from the 
rates of congenital disease observed in the population. 
In a recent study by Fisch et al. (55), it was shown that 
advanced paternal age is a significant contributor to the 
increased incidence of Down’s syndrome found in chil- 
dren of older parents. Increased paternal age doubled 
the frequency of Down's syndrome when the maternal 
age was greater than 30. Based on cross-sectional stud- 
ies in man, Martin and Rademaker (56) reported an 
increasing incidence of structural chromosomal aberra- 
tions in spermatozoa with aging and a higher risk for 
the development of autosomal-dominant diseases in 
newborns with increasing paternal age. 

Base substitutions appear to be the most common 
type of age-dependent mutation that occurs in sperm. 
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Many autosomal-dominant disorders that exhibit 
paternal-age effects are the result of a base substitution 
in a gene that produces an observable phenotype. The 
analysis of achondroplasia and five other syndromes 
that demonstrate a striking effect of paternal age 
reveals that in 154 patients, all the mutations were 
single-base substitutions of paternal origin (48). A 
strong male bias is found for several other diseases 
that exhibit weaker but observable paternal-age effects. 
Based upon the strong male mutation bias and the age- 
dependent increase in mutation frequency for achon- 
droplasia, ithas been estimated that the risk of fathering 
a child with an autosomal-dominant mutation for men 
over 40 years is similar to the risk of mothering a child 
with Down’s syndrome for women who are 35 to 
40 years (57). This calculation may be an overestima- 
tion, as all of the estimated 1000 autosomal-dominant 
diseases would not be expected to have the same age- 
dependent increase or be completely penetrant. 
Together, many of the above studies have 
prompted the American Society of Reproductive 
Medicine (previously the American Fertility Society) 
to introduce a guideline in 1990, which states that the 
maximum age of sperm donors should be set at 50 
years, which was subsequently reduced to 40 in 1998. 
Analysis of certain disease rates has led one expert to 
state, “the greatest mutational health hazard in the 
human population at present is fertile old males” (58), 
and another to advise that, “both men and women 
complete their family before age 40 if possible” (57). 


Basis for Decreased Sperm Chromatin 
Quality 


The underlying processes that cause mature sperm 
from older males to harbor genetic defects are unclear. 
One of the most obvious explanations is the continu- 
ous spermatogonial stem-cell replication process that 
is required for perpetual sperm production. Prior to 
puberty, approximately 30 chromosomal replications 
produce a pool of undifferentiated spermatogonia. 
Thereafter, spermatogonial stem cells undergo 23 rep- 
lications every year. Thus, a 20-year-old man generates 
sperm that are the product of approximately 150 repli- 
cations (48). This number increases to 840 by the age of 
50 and to 1530 by the age of 80. If the fidelity of replica- 
tion is imperfect, mutations would be expected to accu- 
mulate in the spermatogonial stem-cell population. 
There are, however, several other processes that 
could contribute to reduced genetic quality in the 
sperm of aged individuals. Apoptosis occurs naturally 
in the testis of young individuals and is required for 
spermatogenesis to proceed normally (59). Culling of 
the spermatogonial germ-cell population controls the 
volume of germ-cell production and prevents overbur- 
dening of the testicular resources. It has been suggested 
that this may also serve as a mechanism to eliminate or 
reduce damaged germ cells (59,60). A reduced apop- 
totic rate or a loss of proper recognition of damaged 
cells could also lead to paternal age effects without a 


change in the mutation rate. Indeed, in humans, 
reduced apoptosis of spermatogonia in aged testes is 
observed and may reflect decreased spermatogonial 
proliferation (61). Communication between germ and 
Sertoli cells in aged rat testis is also reduced (62). For 
apoptosis to serve as a mechanism to eliminate dam- 
aged germ cells, it would be necessary to demonstrate 
that the Sertoli cells and/or the germ cells themselves 
are able to recognize specific genetic damage. In young 
mice, as cells progress from mitotic spermatogonia to 
meiotic spermatocytes, a decrease in the mutation fre- 
quency is observed, suggesting that damage-specific 
recognition may occur (49). 

Another mechanism that may allow for sperm 
quality control at the level of the epididymis via cell- 
surface ubiquitination and subsequent phagocytosis of 
abnormal sperm has recently been suggested (63). 
Large-scale phagocytosis of sperm by the epididymal 
epithelium, however, is not observed in young or old 
animals (64). To date, it has not been clearly demon- 
strated that genetic damage-specific apoptosis or 
phagocytosis occurs or that there is an age-dependent 
increase in epididymal spermiophagy. 

A third possible mechanism is that the loss of 
function of cellular protective factors is indigenous to 
the germ cell itself, thus leading to an increase in the 
mutation rate. Cellular proteins that are involved in 
genomic maintenance and repair of spontaneous 
damage and/or stress response may be abnormal in 
germ cells of old individuals. Altered expression of 
some stress-response proteins is observed in germ cells 
from old rats (Syntin P, Robaire B; unpublished data, 
2002). Proteins involved in certain DNA-repair path- 
ways are highly expressed in young germ cells (65), 
and these levels are reduced in the germ cells of the 
aging mouse (66). Germ-cell transcription ceases 
during the nuclear condensation stage; thus transcripts 
and proteins expressed in earlier germ-cell types sus- 
tain later stages of germ-cell development. Altered 
expression of protective factors may leave later germ- 
cell types vulnerable to genetic insults. Consistent with 
this hypothesis is the observation that the mutation 
frequency and the spectra of mutational challenge 
increase in later germ-cell types in the old mouse testis 
while remaining unchanged in the young (49,50). 

Modern understanding of the information car- 
ried by DNA has progressed beyond sequence-based 
information to include epigenetic-based information, 
which is most commonly involved in the control of 
gene expression. Epigenetic phenomena have been 
shown to play significant roles in the processes of 
genetic imprinting (67), development (68), and in many 
diseases including cancer (69). The two primary epi- 
genetic mechanisms that have been demonstrated to 
be involved in the control of mammalian transcription 
are histone modification and DNA methylation. 

The possibility of age-dependent modification of 
the germ-cell epigenome remains uninvestigated in 
humans. The fact that sperm DNA is primarily com- 
plexed with protamine instead of histone protein 
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largely negates the possibility of histone-based trans- 
mission of epigenetic information. Patterns of DNA 
methylation, however, are preserved during spermato- 
genesis. The total content and the pattern of gene- 
specific DNA methylation are altered in the aged 
somatic tissues of many mammalian species, including 
humans (70). Studies in the authors’ laboratory using 
the Brown Norway rat model have shown that specific 
DNA sequences exhibit age-dependent modification 
of their methylation status, while other sequences do 
not (71). These modifications may influence gene 
expression during embryogenesis and may explain 
some of the paternal age effects previously demon- 
strated in the Brown Norway model (32). 

Epigenetic reprogramming in the early embryo 
has been demonstrated (72), and aberrantly, methyl- 
ated gametic sequences may be repaired. Although 
global demethylation and remethylation events have 
been described (73), the methylation patterns of 
imprinted genes and some repetitive DNA sequences 
endure embryonic reprogramming (74,75). An impor- 
tant focus of future experimentation will be to deter- 
mine if paternal age-dependent methylation alterations 
persist into the progeny and to what extent methyla- 
tion state may be a predictor of paternal age-induced 
variation in progeny fitness. 

It is expected that all these processes would not 
act in a mutually exclusive manner. For example, if the 
mutation rate were the result of replication errors 
alone, the increase in the incidence of disease demon- 
strating a paternal age effect would be expected to be 
linear. This is not the case, however, as most diseases 
studied show an exponential increase with paternal 
age (35). Thus, multiple mechanisms are expected to 
contribute to the paternal age effect for most diseases. 
A recent paper has evaluated the frequency of the 
achondroplasia mutation in human sperm from donors 
of various ages and determined, surprisingly, that the 
age-dependent increase in the mutation rate is much 
lower than what would be required to explain the 
paternal age effect (76). This interesting result suggests 
that the paternal age effect may not be directly due to 
an age-dependent loss of sperm genetic integrity. 
Clearly, more work needs to be done to determine the 
types and frequencies of mutations that occur in sperm 
and how genetic quality may relate to fertility and 
progeny health. 


O FACTORS AFFECTING THE QUALITY OF 
AGING SPERMATOZOA 
Oxidative Stress 


Oxidative stress is defined by excessive production of 
reactive oxidative species (ROS) such as the hydroxide 
(OHJ) and superoxide (O7) free radicals. Several stud- 
ies have suggested that there is a correlation between 
increased ROS production and aging in a range of cell 
and animal models (77-79). A number of factors can 


lead to increased production of ROS. These include 
compromised function and integrity of mitochondria 
over time causing them to “leak” ROS into the cell (80), 
waning of the cell’s antioxidant abilities with age (73), 
and increased steroidogenic activity (81). Although 
many studies exist on the effect of aging on antioxidant 
enzymes such as catalase, superoxide dismutase, glu- 
tathione peroxidase, and glutathione reductase, the 
results of these studies are controversial and a consen- 
sus has not yet been established in this field. 

ROS cause damage to the cell’s DNA, proteins, 
and lipids, thus endangering normal function. Sperma- 
tozoa are subjected to relatively high levels of oxidative 
stress because they generate ROS to control capacita- 
tion by redox regulation of tyrosine phosphorylation 
(82). In addition, the presence of leukocytes in human 
semen results in an increased ROS load since these 
cells have a high rate of spontaneous production of 
ROS. Thus, accumulation of ROS over time is likely to 
render spermatozoa of older men susceptible to 
particularly elevated levels of oxidative stress. The 
authors have found that the motility of spermatozoa in 
older rats becomes significantly more compromised 
after oxidative challenge when compared to that of 
young rats (83). 

ROS decrease spermatozoa quality through sev- 
eral mechanisms including damaging lipids, DNA, 
and proteins. The lipid membrane, which is rich in 
unsaturated fatty acids, is particularly susceptible to 
oxidative damage. The consequences of membrane 
perturbation include changes in transport processes, 
ion channels, metabolite gradients, and receptor- 
mediated signal transduction, which can decrease the 
sperm’s motility, viability, and ability to undergo 
capacitation and the acrosome reaction (84). Further- 
more, oxidative stress can induce DNA damage in 
spermatozoa, which can affect fertility of the male and 
endanger offspring outcome (82). Although spermato- 
zoa with extremely damaged DNA will not be able to 
fertilize an egg, sperm with less-extensive damage can 
still successfully fertilize, thus endangering the out- 
come of the pregnancy (85). Oxidative stress might 
also increase with age due to the compounding effect 
of a poor lifestyle, where diet and other factors such as 
smoking and alcohol consumption may play a parti- 
cularly important role. 


Lifestyle 


Several aspects of a man’s lifestyle can play a role in 
the quality of germ cells and are likely to be cumula- 
tive with advancing age. Although poor diet, smoking, 
and excessive drinking can occur in men of all ages, the 
adverse effects become more evident with increased 
duration of exposure. 


Diet 


It has been well documented that a diet rich in anti- 
oxidants such as vitamins A, E, C, selenium, and 
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flavonoids provides the body with a stronger antioxi- 
dant defense system (86). Furthermore, a strong 
correlation between vitamin C levels in semen and 
spermatozoal DNA quality has been observed (87). 
In some cases of male factor infertility, glutathione 
supplementation has been shown to significantly pro- 
tect spermatozoa from lipid peroxidation and increase 
motility (88). (For further information on the effect of 
nutrition on male fertility, see Chapter 22.) 


Smoking 


It is well established that cigarette smoke contains 
chemicals with mutagenic and carcinogenic proper- 
ties, such as polycyclic aromatic hydrocarbons and 
nicotine-derived nitrosamines (89). These chemicals 
act as oxidants, causing a range of toxic effects includ- 
ing DNA damage in the form of breaks and bulky 
adducts. Although some DNA repair occurs in sper- 
matocytes and early spermatids, it is not possible once 
spermatozoa mature (90-92). Thus, smokers have been 
shown to have a decreased quality of spermatozoa 
DNA (93), which has been correlated with adverse 
affects on the well being of their offspring (94). 

In addition to DNA damage, smoking has been 
associated with reduced semen quality, characterized 
by significant decreases in sperm density, count, 
number of motile sperm, and percent morphologically 
normal sperm (95), most probably due to its effect on 
depleting tissue antioxidants and increasing semen 
leukocytes (96). The negative impact, however, is 
apparently reversible and significant improvements in 
antioxidant status are observed after smoking cessa- 
tion (97). Interestingly, smoking by males has been 
demonstrated to decrease the success rates of assisted 
reproduction procedures, such as in vitro fertilization 
and intracytoplasmic sperm injection (98). 


Alcohol 


Alcohol consumption is common in most populations, 
and moderate consumption has not been linked to 
decreased semen parameters (99). Continuous exces- 
sive alcohol intake, however, can cause decreased free 
androgens to the point of inducing complete sper- 
matogenic arrest and hypogonadism (100). Similar to 
cessation of smoking, the cessation of alcohol con- 
sumption has been shown to ameliorate reproductive 
parameters in a murine model (101) as well as in 
humans (102). 


Exposure to Environmental Chemicals 


It has been proposed that extensive exposure to indus- 
trial chemicals may contribute to declining sperm qual- 
ity in the industrial world (103,104). In most cases, 
exposure levels are low and do not adversely affect 
health, but situations can exist when individuals come 
in contact with threatening amounts. Although this 
happens rarely in the general population, it is more 


common in people working in chemical plants, farm- 
ers, and those living in proximity to landfills. An over- 
view of the effect of some environmental chemicals on 
sperm quality is provided in the following (see also 
Chapter 21). 


Polychlorinated Biphenyls 


Polychlorinated biphenyls (PCBs) were once widely 
used as coolants and lubricants, but the production 
and use of PCBs became restricted in the late 1970s due 
to their extreme stability in the environment, their 
accumulation in fat tissue, and toxicity to liver, skin, 
and the nervous system. PCBs continue to be released 
into the environment, however, from hazardous waste 
sites, improper disposal, and leaks from old PCB- 
containing equipment (105). Hauser et al. (106) have 
shown a clear link between PCBs and semen quality. 
They found decreased spermatozoa concentration, 
decreased motility, and more cases of abnormal 
morphology in men with high blood levels of PCBs 
compared to men with lower PCB blood levels. 


Phthalates 


Since being banned, PCBs have largely been replaced by 
other industrial chemicals such as phthalates. Although 
less toxic than PCBs, phthalates have been demonstrated 
to have antiandrogenic activity. In a recent study, it was 
shown that high levels of urinary phthalates are 
associated with decreased fertility, the main correlations 
being with sperm concentration, motility, and poor 
morphology in humans (107). Increased DNA damage 
in the sperm of the subjects was reported by the same 
group using the comet assay (108). 


Farmers 


Farmers constitute a population that is at particular 
risk for reproductive problems due to their involve- 
ment with pesticides and herbicides (109). As early as 
1970, Espir et al. (110) reported reversible impotence in 
farm workers who applied pesticides. Subsequent 
studies showed that synthetic organochlorine pesti- 
cides such as dichlorodiphenyltrichloroethane (DDT) 
act as endocrine disruptors (111). Some of these chemi- 
cals can act as antiandrogens (112), thus causing impo- 
tence and decreased sperm count and sperm 
concentration in farmers. DDT is no longer registered 
for use in the United States, although it is still used in 
other (primarily tropical) countries. 

Another chemical that is a threat to spermato- 
zoa quality is the phenoxy herbicide 2,4-dichloro- 
phenoxyacetic acid (2,4-D). This chemical is widely 
used throughout the world and has been shown to be 
associated with increased asthenozoospermia, necro- 
zoospermia, and teratozoospermia (113). Therefore, 
it is alarming that up to 50% of Ontario farmers were 
found to have detectable levels of 2,4-D in their 
semen (114). 
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Traffic Pollutants 


Another potential threat to the male reproductive 
system is pollution. As environmental chemical pollu- 
tion increases, studies addressing its effect on health 
become crucial. It was found, for example, that men 
continuously exposed to high levels of traffic pollution 
had high blood lead levels, high methemoglobin (a 
marker of nitric oxide exposure), and significant 
adverse effects on all sperm parameters except for 
sperm count and semen volume (115). Sperm motility, 
viability, membrane function, nuclear DNA integrity, 
and TTP were all dramatically decreased (115). These 
effects could have been mediated in part by the nitric 
oxide and lead found in traffic pollution. Controlled 
amounts of nitric oxide play an important role in sper- 
matozoa capacitation, but this free radical has been 
shown to inhibit motility when present in large quanti- 
ties (116). Lead accumulates in male reproductive 
organs where it can replace zinc in human protamines, 
causing a conformational change in the protein, and 
thus, adversely affecting sperm chromatin condensa- 
tion. Zinc supplementation can help ameliorate these 
problems (117). 
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O INTRODUCTION 


Androgens and their effects on behavior have been an 
area of study for over a century. In 1889, Dr. Brown- 
Sequard injected himself with an extract from crushed 
animal testicles, reporting that this treatment gave him 
increased energy, muscular strength, stamina, and 
mental agility (1). Although crude, this approach led 
the way to the discovery of androgens. Since then, the 
focus of most androgen research has been in the area of 
reproductive function. More recently, the focus of 
attention has turned to hormone effects on the central 
nervous system (CNS) and the process of aging, with 
particular emphasis on the potential antiaging effects 
of hormone replacement therapy. This chapter will 
explore the complex relationship between androgens 
and cognition. First, mechanisms by which hormones 
exert their effects in the CNS will be described, includ- 
ing organizational and activational effects. Next, the 
relationship between androgens and cognition in 
humans will be examined, including endogenous 
levels as well as studies on hormone manipulation in 
healthy young and older populations. Finally, the rela- 
tionship between androgens and cognition will be con- 
sidered with respect to the endocrine disorders that 
result in excessive or insufficient hormone levels. This 
chapter will feature cognition, rather than human 
behavioral characteristics such as mood or emotion. 
Readers may refer to Ref. (2) for a review of the rela- 
tionship between androgens and mood or behavior. 


O EVIDENCE FROM ANIMAL STUDIES 
Hormonal Mechanisms of Action 


Several CNS functions are regulated by gonadal 
steroids—particularly testosterone (T). Examples 
include prenatal sexual differentiation of the brain, 
adult sexual behavior, gonadotropin secretion, and 
cognition. The effects of T are mediated through the 
androgen receptor (AR), which is widely, but selec- 
tively, distributed throughout the brain (3-9). 
Castration rapidly decreases AR expression, and 
T upregulates neural AR in a dose-dependent manner 
in both male and female mice (4,10-12). T also acts 
via rapid, nongenomic methods of action through 


G-protein-coupled, agonist-sequestrable T membrane 
receptors that initiate a transcription-independent sig- 
naling pathway affecting calcium channels (13-16). 
Thus, activational effects of androgens as discussed 
below may occur through both genomic and nonge- 
nomic mechanisms. 

Another important aspect of T action is its active 
metabolism in vivo. In the body, T is converted to 
estradiol (E,) by the enzyme cytochrome P450 aroma- 
tase, and to dihydrotestosterone (DHT) by the enzymes 
5-a-reductase type 1 and 2 (Fig. 1). E, formed from T 
may then act on target organs via intracellular estro- 
gen receptor alpha (ER@) and estrogen receptor beta 
(ERB). DHT binds to ARs with greater affinity than T 
and is a more potent androgen. Both E, and DHT are 
also widely distributed throughout the male brain 
(7,8,11,17-21); therefore, androgen effects on cogni- 
tion may occur through T directly or via its active 
metabolites E, and DHT. 


Organizational Effects of Androgens 


“Organizational effects” of androgens refer to perma- 
nent changes in brain structure and function as a result 
of exposure to androgens during a critical develop- 
mental window. For example, male rats castrated 
neonatally show a spatial ability pattern closer to the 
typical female rat pattern, whereas ovariectomized 
female rats treated with T neonatally demonstrate a 
typical male spatial ability pattern (22). Intact female 
rats treated neonatally with T perform better on a maze 
task than male castrates and intact males (23,24). These 
examples of permanent behavioral changes resulting 
from hormone manipulations during critical brain 
development periods are thought to be examples of 
“organizational” effects of hormones. Therefore, 
observed sex differences in healthy normal animals are 
thought to be due to organizational effects of hormones. 

Sexual dimorphisms have been shown to occur 
with regional concentrations of neuropeptides and 
neurotransmitters, brain physiology, and behavior 
(21,25,26). For example, perinatal exposure of female 
rats to T eliminates the natural cyclic expression of 
gonadotropic secretion (27). Previously identified 
sexually dimorphic brain regions include the hypo- 
thalamus, pituitary, corpus callosum, adrenal cortex, 
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Figure 1 Pathway of androgen metabolism and action in the central 
nervous system from testosterone through DHT via 5-a-reductase 
and E, via aromatase. Abbreviations: AR, androgen receptor; DHT, 
dihydrotestosterone; Es, estradiol; ERa, estrogen receptor alpha; 
ERB, estrogen receptor beta. 


cerebellum, and prefrontal regions. With regard to 
cognitive tasks, a common finding in many species is 
that males outperform females on spatial tasks. This 
advantage on spatial tasks may be due to a potential 
sexual dimorphism of brain structures that underlie 
spatial navigation and spatial memory (e.g., hippo- 
campus and dentate gyrus). Female rats neonatally 
exposed to T demonstrate more “masculine” or larger 
hippocampus, dentate gyrus, and corpus callosum 
(28,29). Thus, the presence of androgens during critical 
developmental periods may produce sexual dimor- 
phisms or sex differences for cognitive abilities. 


Androgen Activational Effects 


Androgens modulate cognition and behavior through- 
out the lifespan. These modulation effects are termed 
“activational” effects of hormones. For example, post- 
pubertal castrated male rats fail to demonstrate normal 
sexual behavior; however, sexual behavior can be 
restored to normal levels with T replacement (30). 
Thus, certain behaviors are controlled to a large degree 
by androgens throughout the lifespan. The mecha- 
nisms by which androgens exert these effects are likely 
complex. T replacement in castrated male rats results 
in decreased dopamine release, increased gamma 
amino butyric acid (GABA) turnover, and increased 
choline acetyltransferase levels (2,17,31). Changes in 
these substances are involved in the regulation of cog- 
nition. These effects may occur rapidly, within hours 
or days, and can remain for years, affecting both brain 
structure and receptor sensitivity and density (32-34). 

ARs and aromatase activity (AA) in mice, rats, 
and monkeys have been shown to be distributed widely 
throughout the hypothalamus and limbic system in 
hormone-sensitive brain circuitry structures that play 
essential roles in the central regulation of reproductive 
function and cognition (3,4,35-37). For example, cas- 
tration in male rats produces androgen-sensitive 
increases in dopamine axon density in the prefrontal 
cortex and significant decreases in cholinergic neurons 


in the anterior cingulate, posterior parietal cortex, and 
medial septum compared to animals that underwent 
sham operations or gonadectomy with T replacement 
(31,38-41). The prefrontal cortices are involved in cog- 
nitive, affective, and memory functions, and gonadec- 
tomized rats demonstrate impairments in learning a 
maze that is restored with T administration (42). These 
effects appear to be selective for the memory aspects of 
maze performance, because gonadectomy did not affect 
performance on a motor task (42). 

Studies of T replacement in mice and rats have 
generally supported a positive relationship between T 
manipulation and cognitive task performance. Studies 
of age-accelerated mice and young rats have found 
beneficial effects of T on avoidance learning and 
memory tasks (43,44), whereas other studies have 
failed to find beneficial effects of T on learning and 
memory (45,46). The differences in these studies may 
be due to the dose level of T used, because a recent 
study found a beneficial effect of T on spatial memory 
at a modest dose and detrimental effects on spatial 
memory at higher doses (45,47). In addition, the type 
of memory assessed may also contribute to differences 
between studies. The recent development of a work- 
ing-memory water maze task, which separates work- 
ing memory (a form of scratch pad, or temporary 
memory) from reference memory (a form of declara- 
tive, or long-term memory) found that older male rats 
given T demonstrate a beneficial increase in working- 
memory capacity compared to older sham-operated 
and DHT-treated rats (48). This finding suggests that 
changes in cognition observed with androgen supple- 
mentation or replacement may arise from their selec- 
tive action on frontal brain regions that underlie 
working memory and other executive functions. 
Compared to rats, primates demonstrate a greater 
expression of aromatase- and AR-containing neurons 
in the amygdala, which has major output projections 
to the hippocampus and entorhinal cortices (6,37,49). 
The amygdala is involved in emotional and reward 
behavior and the hippocampus is critical for memory 
formation, which provides good evidence for the 
involvement of androgen-signaling pathways in emo- 
tional behavior and memory formation in addition to 
executive functions. 

The activational effects of DHT on cognition are 
less well known; however, once formed, DHT is a 
potent steroid in the CNS. The affinity of DHT for the 
AR is four times that of T (50). Like T, DHT upregu- 
lates neural AR following castration (51). Although 
both T and DHT upregulate AR after castration, only 
DHT appears to sustain this effect for a prolonged 
period (51). Although these findings would suggest 
that DHT might have stronger effects on cognition 
than T, animal studies using both T and DHT have not 
supported greater or differential effects of DHT on 
cognition despite its greater affinity for the AR (48,52). 

The formation of E, results from aromatization of 
T. Brain AA in the male rat occurs primarily in the 
medial preoptic or anterior hypothalamus region 


(37,53). Administration of the AR antagonist flutamide 
with T or DHT in gonadectomized rats does not induce 
AA, compared to T or DHT administered alone, 
suggesting that AA is androgen dependent (37). Ez 
treatment in the male rat partially upregulates AR after 
castration, although the effect is not nearly as strong as 
that with T or DHT (11). E, like T, may act via nonge- 
nomic methods, by binding to membrane receptors 
that are completely distinct from intracellular mem- 
brane receptors, causing rapid signaling (54). The 
functional role of E, in males is not well understood. E, 
appears to play an important and sometimes critical 
role in sexual behavior and social interaction behavior 
in male rats and other animals (49,55). T and E,, but not 
DHT, modulate serotonin receptor mRNA and the 
density of serotonin receptors in the forebrain (32,33). 
Tamoxifen, an estrogen receptor agonist, induces 
changes in catecholamine innervation of the frontal 
cortex in male mice that mimic the changes produced 
by castration, whereas flutamide does not (56). Thus, 
the presence of E, secondary to aromatization in the 
brain may be important with regard to both mood and 
cognition. 


O EVIDENCE FROM HUMAN STUDIES 
Endogenous Androgens 


The measurable differences in certain cognitive abilities 
between men and women may be due to organizational 
effects of hormones. Hormones present during the 
development of the CNS may produce structural 
changes that result in behavioral differences. One area 
of cognitive ability in which robust differences between 
men and women are typically observed is spatial abil- 
ity. The term “spatial” typically refers to information 
with a geometric or three-dimensional (3D) aspect. 
Studies examining the relationship between 
endogenous androgen levels and cognitive perfor- 
mance have produced inconsistent results. Correlations 
between endogenous T levels and spatial abilities in 
men range from near 0 to 0.53 (57,58). In healthy young 
men, positive relationships have been found between 
circulating or endogenous T levels and visuo-spatial 
orientation (57), spatial form comparison (59), and 
composite visuo-spatial scores (60). Positive relation- 
ships have also been found for tactual spatial tasks 
(61,62). Other studies examining endogenous T levels 
have failed to find such a relationship between circu- 
lating androgen levels and visuo-spatial abilities 
(63,64). Low T levels have also been found to be associ- 
ated with better performance on spatial ability tasks 
and high E, levels with better visual memory in men 
(63,65-67). In contrast, when Gouchie and Kimura (66) 
studied men and women grouped according to endog- 
enous T levels (high vs. low), they found that high-T 
women and low-T men demonstrated better spatial 
abilities than low-T women and high-T men. 
Examination of young men by a mental rotation test 
during periods of high and low T levels resulting from 
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natural diurnal variation revealed a significant posi- 
tive association of performance with average T levels 
but not with changes in T levels (i.e., high vs. low); no 
significant relationships involving T levels were found 
in other tests (e.g., anagrams and an attention task) 
(68). These findings have led some to suggest that the 
beneficial effects of T may be described by a curvilin- 
ear relationship such that low-to-moderate T levels 
improve cognitive abilities but higher levels result in 
no further improvements or result in even decrements 
in some abilities (e.g., verbal) (65,66,69). 

In a comprehensive review of the literature, 
Kimura (70) found large gender differences in favor of 
males on spatial tasks, with the differences sometimes 
approaching 1 standard deviation for targeting (e.g., 
throwing darts or catching a ball) and spatial orienta- 
tion (e.g., imagined spatial rotation). Modest differences 
were found for spatial visualization (e.g., imagining the 
result of folding paper in a precut shape), disembedding 
(finding a simple figure located in a more complex one), 
and spatial perception (e.g., determining the true verti- 
cal among distracting cues). Although some have 
suggested that experience with spatial tasks (e.g., driv- 
ing, throwing, and catching) may account for these sex 
differences, studies controlling for experience continue 
to find gender differences, and these differences may be 
present at as early as five years of age (70-72). 

The variability of results in the literature may be 
due to the wide variability in the selection of cognitive 
tests and their unique task demands. This includes the 
use of the term “spatial” to describe numerous tests 
that may tap different cognitive processes or rely upon 
different brain structures and networks. For example, 
men tend to outperform women on tasks that require 
spatial rotation or manipulation. Robust gender differ- 
ences have been found for spatial rotation tasks (Fig. 2) 
that require the imaginary rotation of an object (70,73), 
and the performance of this task correlates with circu- 
lating T levels (74). This difference does not appear to 
be due to the 3D aspect of the task, because these dif- 
ferences are also apparent on two-dimensional (2D) 
rotation tests (75). Interestingly, in a virtual-reality 
adaptation of the mental rotation task, in which 
participants could manipulate a virtual-reality version 
of the complex design with their hands, these gender 


Figure 2 Sample test item from the mental rotations test. The 
three-dimensional item on the left is the stimulus item. Participants 
must choose two items on the right that match the stimulus item. 
Correct items are those that exactly match the stimulus item but 
have been rotated in three-dimensional space. Incorrect items do not 
match the stimulus item. Source: From Ref. 73. 
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differences disappeared (76). This latest result indi- 
cates a lack of gender differences on nonimagined spa- 
tial rotation tasks. 

Remembering the location of objects is also 
considered a spatial task. Although recalling the loca- 
tion of objects clearly has a spatial component to it, 
several studies have demonstrated that women out- 
perform men at recalling the location and the spatial 
relationship between objects to be remembered in a 
spatial array (77,78). Interestingly, this demonstrated 
difference between men and women on spatial tasks 
such as mental rotation and memory for spatial array 
is consistent with findings of gender differences on 
spatial navigation tasks. For example, on average, men 
tend to use a Euclidean (distance) or cardinal direction 
(N, S, E, W) approach to spatial navigation, whereas 
women, on average, tend to use landmark references. 
Galea and Kimura (79) found that when young men 
and women were required to learn a route on a table- 
top map, men were able to learn the route in fewer 
attempts, but women remembered more landmarks on 
the route. Studies comparing men and women on their 
ability to learn virtual-reality environments tend to 
support the findings of male advantage in landmark- 
free or landmark-limited environments (80-82). A ten- 
dency to use anonlandmark or cardinal direction-based 
route-finding strategy has been found to be positively 
associated with endogenous T levels (83). Although 
there is some debate regarding the neural structures 
that underlie spatial navigation, most studies of 
humans and animals support a direct role for the hip- 
pocampus in spatial navigation and representation of 
large-scale space and the parahippocampal gyrus in 
recall of landmarks (84-88). As noted previously, the 
hippocampus, along with the hypothalamus and other 
limbic structures, is a target area for gonadal steroids. 
Male and female rats treated with T demonstrate a 
larger, or more “masculine-like,” hippocampus, char- 
acterized by the size and asymmetrical shape of the 
dentate gyrus (29). Thus, these behavioral tendencies 
or cognitive styles may reflect differential effects of 
gonadal hormones on place and landmark systems in 
the hippocampus (89). 

Recent functional magnetic resonance imaging 
(fMRI) studies provide further evidence that cognitive 
processing—in particular, the processing of spatial 
information—activates specific brain regions and 
neural networks that are unique to the particular task 
demands. Shelton and Gabrieli (90) found that healthy 
control participants activated right-sided hippocampus 
and parahippocampal regions when processing spatial 
information from a route or navigation perspective. In 
contrast, when participants view the same information 
from a survey or aerial perspective, the cuneus, an area 
associated with processing complex visual information 
such as objects or faces, demonstrated increased activa- 
tion. These results are consistent with another fMRI 
study of human navigation in which selective and dis- 
tinct brain regions were activated depending on the use 


of a spatial versus nonspatial strategy to solve a radial 
arm maze (91). These results, along with several other 
recent behavioral and neuroimaging studies, indicate 
that specific cognitive-task demands will activate 
unique corresponding brain regions or neural net- 
works. These neural networks have been shown to be 
gender specific for certain tasks (92). In navigation in a 
virtual environment, common areas of activation 
between men and women (e.g., hippocampus, parahip- 
pocampus) have been demonstrated (92). Women, 
however, demonstrate unique activation of right pari- 
etal and right prefrontal cortices (92). Thus, evidence 
from human studies suggests that the organizational 
and activational effects of hormones interact with task 
demands and the underlying neural networks associ- 
ated with those cognitive tasks to produce the outcome 
of human behavioral performance. 


Exogenous Androgens 


Cognitive changes due to exogenously manipulated 
androgen levels have been examined in healthy young 
men, women, transsexuals, and hypogonadal males 
(see below). For example, Gordon and Lee (57) exam- 
ined cognitive performance in response to administra- 
tion of T enanthate in a group of healthy young men. 
They administered a low dose of T enanthate (10 mg) 
to the young men, followed by a battery of cognitive 
tests both immediately after injection and four hours 
later. They reported no appreciable effects from hor- 
mone administration, because the participants demon- 
strated the same improvement from baseline to the 
second test session in the placebo condition as in the T 
condition; however, no hormone values were reported. 
Therefore, the relationship between cognition and hor- 
mone levels is unknown. In contrast, T administration 
to a group of female-to-male transsexuals (FMs) dem- 
onstrated an improvement in spatial abilities but with 
decreased verbal abilities (93). In a subsequent study 
by the same research group, the beneficial effects of 
androgen treatment on spatial abilities were again 
confirmed in FMs and remained over a period of 
one-and-a-half years (94). As expected, untreated male- 
to-female transsexuals (MFs) had higher scores on 
visuo-spatial tasks than untreated FMs—group differ- 
ences that disappeared after three months of cross-sex 
hormone treatment. The Slabbekoorn et al. (94) study 
indicates that T had an enhancing—and not quickly 
reversible—effect on spatial ability performance, but 
no deleterious effect on verbal fluency in FMs. In con- 
trast, antiandrogen treatment in combination with 
estrogen therapy had no observable effects on cogni- 
tion in MFs or men undergoing androgen suppression 
for prostate cancer (95). Miles et al. (96), however, 
found that MFs demonstrated improved verbal 
memory in response to estrogen treatment, with no 
differences between the treatment and control groups 
on tests of attention, mental rotation, and verbal 
fluency. Although it has been suggested that results of 


transsexual studies may be affected by comorbid psy- 
chiatric or mood conditions, no appreciable differences 
were found between the hormone-treated and wait-list 
groups on mood measures in the Miles et al. study. 
Further, Postma et al. (97) found that in a population of 
healthy nontranssexual young women, short-term T 
administration (0.5 mg T cyclodextrine) resulted in 
improved spatial memory compared to placebo on 
some measures, but not others. 

Overall, the results from exogenous manipulation 
of androgens in healthy young men and women sug- 
gest that androgens may have beneficial effects on 
spatial abilities. Due to study design and lack of docu- 
mented change in hormone levels, however, findings to 
date remain inconclusive. 


O AGING EFFECTS ON ANDROGENS 


Serum levels of total T and bioavailable T (T that is not 
bound to sex hormone-binding globulin) decrease in 
men with age (98-100). Although this decrease is 
gradual, it can result in decreased muscle mass, osteo- 
porosis, decreased sexual activity, and changes in 
cognition (98,99,101-106). Androgen replacement ther- 
apy in normal older men has demonstrated benefits on 
bone mass, muscle strength, and sexual functioning 
(107-110). These benefits, however, may result from 
direct effects of T or from increased E, levels following 
aromatization of T. Recent evidence from the case of a 
patient with genetic aromatase deficiency suggests 
that bone mass changes and other physiological effects 
in men may in fact be attributable to changes in E, 
levels, rather than to direct T effects (111). 

In addition to peripheral physiological effects, 
age-related declines in T levels may affect cognitive 
abilities. Two epidemiological studies involving large 
groups of healthy older males found bioavailable or 
free T to be significantly and positively correlated with 
tests of global cognitive functioning (101,102). In a 
more recent study using sensitive neuropsychological 
measures that assess specific areas of cognitive func- 
tioning rather than global measures, high levels of free 
T were associated with better performance on visual 
memory, verbal memory, divided attention, and visuo- 
spatial rotation (98). Further, when this large cohort of 
elderly men was divided according to eugonadal and 
hypogonadal status, hypogonadal men evidenced sig- 
nificantly poorer performance for visual memory, 
verbal memory, divided attention, and visuo-spatial 
rotation compared to eugonadal men. The men were 
reassessed every two years for up to 30 years in a 
combination cross-sectional/longitudinal study, and 
declining T levels over time were significantly asso- 
ciated with declines in visual memory. Although it 
has been suggested that declines in T levels may be 
coincident with disease or health decline, these 
findings remained significant after controlling for vari- 
ables known to affect cognitive status, such as age, 
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education, and health status. Not all studies, however, 
have found a positive relationship between cognitive 
abilities and endogenous T levels (69). 


T Replacement in Older and Impaired Men 


Studies examining exogenous T administration in 
older men have produced mixed results; however, 
carefully designed prospective studies with sensitive 
neuropsychological batteries tend to show significant 
effects. Sih et al. (112), using a double-blind, placebo- 
controlled design, gave older, hypogonadal men 
biweekly injections of 200 mg of T cypionate for 12 
months. Fifteen men were randomly assigned to 
receive placebo and 17 men were randomly assigned 
to receive T. The men were in good general health and 
had a mean age of 68 years. Tests of verbal and visual 
memory were administered prior to treatment and 
again after six months. Although grip strength 
improved, memory measures remained unchanged. 
The lack of significant findings in this study may be 
due to nonsignificant changes in T levels from baseline 
and/or assessment of cognition during periods of min- 
imum T levels. Janowsky et al. (113) found improve- 
ments in spatial abilities in a double-blind study using 
15 mg T skin patches daily. In this study, 56 healthy 
older men (mean age 67 years) participated and were 
randomized to placebo or T treatment for three months. 
The participants were administered a battery of tests 
measuring semantic knowledge, constructional ability, 
verbal memory, fine motor coordination, and divided 
attention prior to and after the three months of treat- 
ment. The treatment group demonstrated improve- 
ment on a measure of visuo-constructional ability. In a 
second study, Janowsky et al. (114) found that weekly 
injections of T enanthate (150 mg) improved spatial 
working memory in a group of healthy older males 
(Fig. 3). These improvements were evident compared 
to an age-matched placebo group and exceeded prac- 
tice effects demonstrated by young men (without T 
treatment). “Working memory” refers to one’s ability 
to maintain information in the mind while simultane- 
ously manipulating or updating the information as 
needed. It is the mind’s scratch pad, and therefore 
improvements in working memory can affect a number 
of cognitive and day-to-day tasks. 

Consistent with these results, our work reported 
significant improvements in spatial and verbal 
memory in a group of healthy older men in response 
to short-term administration of T enanthate (115). 
Twenty-five healthy older men (mean age 68 years) 
were randomized to 100 mg of T enanthate or placebo 
and received treatment for six weeks followed by six 
weeks of washout. Participants were administered a 
comprehensive battery of tests including tests for 
verbal and spatial memory, spatial abilities, verbal 
fluency, and selective attention. T-treated participants 
demonstrated significant improvements in spatial 
memory (recall of a walking route), spatial ability 
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T = Testosterone Treated 
E = Estrogen Treated 
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Figure 3 Change in performance after a month of placebo or hor- 
mone supplementation (150 mg intramuscular testosterone enant- 
hate weekly for men and 0.625 mg/day conjugated estrogen daily for 
women) in older subjects (striped bars) or after no treatment in 
younger subjects (open bars). Older men on testosterone supple- 
mentation showed an improvement in performance (fewer errors; 
asterisk). Younger subjects showed the expected improvement on 
the task due to practice; older subjects without hormone supplemen- 
tation or with estrogen supplementation did not. Brackets show 
standard error of the mean. Source: From Ref. 114. 


Savings Score 


Figure 4 Mean savings score on story recall, measuring verbal 
memory at baseline and weeks 3 and 6 of treatment for placebo 
(open bars) and T-treated (cross-hatched bars) healthy older men 
(100 mg intramuscular T enanthate weekly). Savings score is the 
number of exact words recalled from a short story after a 20-minute 
delay divided by the number of words recalled immediately after 
hearing the story. Therefore, savings score represents the percent- 
age of information recalled. Standard error bars represent standard 
error of measurement. Asterisks and lines above the bars indicate 
significant changes from baseline in the T-treated group at weeks 3 
and 6 as indicated by the lines. Abbreviation: T, testosterone. 
Source: From Ref. 115. 


(block construction), and verbal memory (recall of a 
short story) (Fig. 4). Improvements in spatial memory 
for a task that utilizes navigation in 3D space and 
verbal memory have not been previously reported. 
Although improvements were not found for all cogni- 
tive measures, changes in measures of verbal fluency 
or selective attention were not expected. 


T Replacement in Older Hypogonadal Men 


Several studies have examined androgen supplemen- 
tation in older men. Kenny et al. (116) assessed a 
group of 44 older (65-87 years) hypogonadal men 
randomized to placebo or T patch for one year. 
Significant improvement associated with T levels was 
observed on a measure of divided attention in the 
treatment group. Both the treatment group and the 
placebo group demonstrated improvement on a mea- 
sure of complex attention. We have also observed 
improvement in cognition in a group of older hypo- 
gonadal men given T or DHT gel (117). Twelve older 
(mean age 57 years) hypogonadal men were given T 
gel and a battery of cognitive tests assessing verbal 
and spatial memory, language, and attention at base- 
line (prior to medication) and again at days 90 and 
180 of treatment. In addition to robustly raised T and 
E, levels, a significant improvement in verbal memory 
compared to baseline was evident at day 180 of treat- 
ment (Fig. 5a). A beneficial increase in spatial memory 
was also evident; however, this increase did not reach 
statistical significance. In a separate study, nine older 
hypogonadal men (mean age 74 years) were random- 
ized to receive DHT or placebo gel. Participants were 
given a comprehensive cognitive battery at baseline 
and at days 30 and 90 of treatment. DHT gel signifi- 
cantly increased DHT and decreased T levels com- 
pared to baseline, and a significant improvement in 
spatial memory was observed (Fig. 5b). The results 
from these two studies suggest that aromatization 
of T to E, may regulate verbal memory in men whereas 
nonaromatizable androgens may regulate spatial 
memory (117). 

In addition to brain functional changes measured 
by psychometric tests, two recent studies provide some 
evidence that androgen supplementation may optimize 
brain metabolism. Cerebral perfusion as measured by 
single-photon emission computed tomography (CT) 
increased in the superior frontal gyrus and midbrain of 
seven, older (aged 58-72 years) hypogonadal men treated 
with T at weeks 3 to 5 of treatment, with further increases 
in midbrain perfusion at weeks 12 to 14 of treatment 
(118). Although objective assessment of cognitive func- 
tion was not included, responses to a questionnaire indi- 
cated that the increases in brain perfusion coincided with 
self-reported increases in cognitive function. These find- 
ings are consistent with brain metabolism changes 
assessed with positron emission tomography (PET) 
in a group of young hypogonadal men given T replace- 
ment (119) (see below, “Isolated Hypogonadotropic 
Hypogonadism and Kallman’s Syndrome”). 
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Figure 5 (A) T gel study. Mean number of correctly recalled bits of information on story recall, measuring verbal memory at baseline and at 
days 90 and 180 of treatment for the control group (open bars) and T-treated (gray bars) hypogonadal men (T gel and T patch together). 
Standard error bars represent standard error of measurement. Asterisks indicate significant changes from baseline. (B) DHT gel study. Mean 
number of correctly recalled sequence points from the route test, measuring spatial memory at baseline and at days 30 and 90 of treatment for 
the placebo gel group (open bars) and DHT-treated (gray bars) hypogonadal men. Standard error bars represent standard error of measure- 
ment. Asterisks indicate significant changes from baseline. Abbreviations: DHT, dihydrotestosterone; T, testosterone. 


T Replacement in Men with Alzheimer’s 
Disease 


Hypogonadal men with impairments in memory 
and cognition may also benefit from androgen 
supplementation. Tan and Pu (120) treated 10 male 
patients with Alzheimer’s disease (AD) who also 
met criteria for hypogonadism. The participants 
were given 200 mg of T every two weeks. A compre- 
hensive cognitive test battery was administered at 
baseline and at three, six, and nine months of treat- 
ment. The AD patients demonstrated a significant 
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Figure6 Graph showing the mean change from baseline assessed 
using the Alzheimers Disease Assessment Scale—cognitive 
subscale (ADAScog) with time. Source: From Ref. 120. 


improvement at months 3, 6, and 9 compared to 
baseline and compared to the placebo group. 
Although the improvement appeared to wane at 
month 9 of treatment, it was still greater than for the 
placebo group (Fig. 6). 

In summary, these studies suggest that T admin- 
istration may have beneficial effects on spatial and 
verbal memory. These changes in brain function are 
evident from both performance on psychometric tests 
and neuroimaging assessments. These findings may be 
particularly important for older males who may have 
age-related decreases in endogenous T levels, which is 
predictive of cognitive loss (98). Unlike studies of 
estrogen supplementation in women with AD, recent 
findings of T supplementation appear to be more 
promising with regard to cognitive benefits. Most 
studies to date, however, have involved small sample 
sizes and need replication with larger sample sizes. 


O ENDOCRINE DISORDERS 
Congenital Adrenal Hyperplasia 


Congenital adrenal hyperplasia (CAH) is a condition in 
which the developing fetus is exposed to excessive 
levels of androgens during gestation. The most common 
cause of this androgen excess is due to 21-hydroxylase 
or 11P-hydroxylase deficiency (121). The androgen 
excess results from the loss of cortisol negative-feedback 
regulation of adrenocorticotropic hormone secretion. 
About 75% of children with CAH have an associated 
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deficiency in aldosterone production. The salt-wasting 
variety results in hyponatremia, hyperkalemia, and 
volume depletion, which is usually present within the 
first two weeks of life. The condition affects approxi- 
mately 1 in 5,000 to 1 in 15,000 live births. The clinical 
presentation in genetic females includes pseudoher- 
maphroditism, whereas affected males tend to have 
normal or early sexual development. Exposure to excess 
androgens during early development provides a unique 
opportunity to examine the organizational effects of 
hormones in humans. 

There is some indication that individuals with 
CAH may demonstrate greater cerebral lateralization, 
as evidenced by a higher incidence of sinistrality (left- 
handedness) (122,123); however, other studies have 
failed to support this (124). Magnetic resonance imag- 
ing (MRI) of CAH patients has revealed mixed find- 
ings, with some evidence of atypical lateralization, 
abnormal white matter distribution, or temporal lobe 
atrophy in about one-third of patients (125-127); how- 
ever, these abnormalities do not appear to be related to 
any detrimental neuropsychological performance or 
treatment status (125,126). Increased incidence of learn- 
ing disorders has been found in CAH patients, along 
with decrements in general intelligence quotient (IQ) 
level and verbal intelligence quotient (VIQ), suggest- 
ing that prenatal exposure to androgens may adversely 
affect the development of the left hemisphere or hemi- 
spheric lateralization, which would adversely affect 
verbal abilities (125,127-131). For example, female 
CAH patients demonstrate significantly lower VIQ 
scores compared to unaffected sisters (123,128,130). 
Some evidence, however, also supports a higher level 
of general intelligence in CAH patients (125,132,133). 
In addition, studies of dichotic listening—a task that is 
sensitive to hemispheric lateralization—are not sup- 
portive of an atypical lateralization pattern in CAH 
patients (124,134). In a dichotic listening task, different 
auditory inputs are simultaneously presented to each 
ear through headphones. In normal individuals with 
an intact corpus callosum, visual and auditory inputs 
sent to one hemisphere are quickly shared with the 
other. This task has been used to discover the typical 
pattern of left hemisphere dominance for language. 

One possible explanation for these findings may 
be that androgens specifically affect spatial abilities. 
In particular, if androgens are specific to spatial 
abilities, one would expect that CAH females would 
evidence superior spatial abilities compared to 
matched controls, whereas male CAH patients would 
evidence modest or no appreciable increase in spatial 
abilities compared to male controls. A study by 
Resnick et al. (133) found that CAH adolescent girls 
performed better than matched familial controls on 
tests of spatial ability (e.g., the hidden patterns test, 
card rotations, and mental rotations). A more recent 
study by Hampson et al. (135) also provides evidence 
that spatial abilities are specifically increased in CAH 
girls compared to controls. This study examined a 
relatively young population of CAH patients (mean 


age 10 years) matched for IQ level with controls. The 
participants were administered the perceptual speed 
test, a task on which females typically outperform 
males, and the spatial relations test from the primary 
mental abilities test, a measure of spatial visualization 
on which males typically outperform females. CAH 
girls performed less well than controls on the percep- 
tual speed task but outperformed the controls on the 
spatial test. This effect was large (nearly one standard 
deviation), and there was no difference between salt 
wasters versus non-salt wasters. Thus, the atypical 
advantage of CAH girls on the spatial task and the 
failure to find a typical advantage on the perceptual 
speed task represent a double-dissociation effect of 
androgens in this population. Although other studies 
have failed to find an advantage in spatial abilities in 
CAH girls (125,132), evidence of behavioral masculin- 
ization has been reported in CAH girls (136-143). 
Thus, additional carefully designed studies may pro- 
vide further information regarding the organizational 
effects of androgens on cognition in this population. 


Isolated Hypogonadotropic Hypogonadism 
and Kallmann’s Syndrome 


Isolated hypogonadotropic hypogonadism (IHH) 
results from the deficiency of gonadotropin-releasing 
hormone (GnRH) from the hypothalamus. When this 
type of hypogonadism is accompanied by anosmia 
from agenesis or malformation of the olfactory bulb, 
sulci, and tracts, the condition is termed “Kallmann’s 
syndrome” (KS). It occurs in about 1 in 10,000 male 
births, and males predominate at a ratio of 5:1. The 
syndrome can occur as an inherited or sporadic disor- 
der. X-linked, autosomal dominant, and autosomal 
recessive modes of inheritance have been described. In 
one-third or more of patients with KS, the pathology is 
likely the result of an X-linked form of KS due to a 
defect in the KAL gene. KAL encodes a protein called 
anosmin, which plays a key role in the migration of 
GnRH neurons and olfactory nerves to the hypothala- 
mus (144). MRI studies have confirmed the absence or 
aplasia of the olfactory bulb in KS versus IHH patients 
(145). In IHH without anosmia, a defect in the GnRH 
receptor (GnRHR) has been reported to be responsible 
for reproductive function failure, and GnRHR muta- 
tions may be more common than previously appreci- 
ated in familial cases of normosmic IHH (146). Affected 
individuals are typically identified during adolescence 
when they evidence absence of or a delay in puberty. It 
has been suggested that developmental anomalies 
arise in the CNS due to a chronic lack of T and E}. 
Reported neurologic abnormalities include anosmia, 
hyposmia, ocular motor abnormalities, pes cavus foot 
deformities, and impaired smooth pursuit eye move- 
ments and mirror movements (any synchronous 
movement of a corresponding muscle of another 
extremity occurring with the primary movement) 
(147). Performance on mirror movements may be 
impaired due to a lack of inhibitory fibers in the corpus 


callosum; however, neuroradiology findings have 
failed to find defects in that area (148). 

Men with IHH demonstrate impairments in 
spatial abilities (149,150) and memory for both verbal 
and visual information (151). Kertzman et al. (152) 
found that IHH patients with abnormal mirror move- 
ments also demonstrated impairments on a measure of 
spatial attention. This deficit was not due to motor dif- 
ficulties, because the IHH patients evidenced faster 
reaction times than controls. Alexander et al. (153) 
examined 33 hypogonadal men receiving T replace- 
ment therapy, 10 eugonadal men receiving T in a male 
contraceptive clinical trial, and 19 eugonadal controls 
for changes in cognition in response to T treatment. 
Cognitive tests included measures of visuo-spatial 
ability, verbal fluency, perceptual speed, and verbal 
memory. Group differences in T levels were unrelated 
to performance on most cognitive measures, including 
visuo-spatial ability; however, hypogonadal men were 
impaired in their verbal fluency compared to eugo- 
nadal men at baseline, and showed improved verbal 
fluency following T treatment. O’Connor et al. (154) 
also reported poor verbal fluency in a small (n=7) 
group of younger hypogonadal men (age 23-40 years). 
The hypogonadal group included a combination of 
IHH and Klinefelter men treated with 200 mg of T 
enanthate biweekly, which was compared witha group 
of healthy young men randomized to placebo or 200 
mg of T enanthate weekly. A battery of cognitive tests 
was administered at baseline and again at weeks 4 and 
8 of treatment. Eugonadal men declined in perfor- 
mance on supraphysiologic T supplementation. No 
significant changes were reported for the hypogonadal 
group. Nonetheless, an examination of the results sug- 
gests that the hypogonadal group was impaired on 
several tasks at baseline and improved on both verbal 
fluency and block design (spatial ability) to the base- 
line level of the eugonadal group; however, a compari- 
son of treatment to baseline was not conducted. 

The variability in results for androgen treatment 
in hypogonadal men may be due to the heterogeneity 
of participants included in the studies. For example, 
combining participants who are hypogonadal for a 
variety of etiologies (e.g, IHH, Klinfelter’s, and 
Kallmann’s) or who may represent varying time peri- 
ods of androgen deprivation may mask or wash out 
actual effects. In addition, there may be small or large 
individual differences with regard to cognitive changes 
as there are with other physical symptoms. Zitzmann 
et al. (119) measured changes in brain metabolism and 
function in response to androgen treatment in a group 
of hypogonadal men. Six hypogonadal men were 
administered a mental rotation task during PET scan- 
ning prior to T treatment and again after two months 
of treatment. The results indicate that four of the six 
men demonstrated an improvement on the mental 
rotation task after T treatment and these four men also 
demonstrated increased brain activation. The men who 
did not demonstrate an improvement on the task did 
not show corresponding brain activation changes. 
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These results suggest that cognitive changes measured 
by psychometric tests may be observed only in a subset 
of participants who also demonstrate changes in brain 
metabolism. 

Although the goal of hormonal treatment in male 
hypogonadism is typically to induce and maintain 
normal secondary sexual characteristics in adolescents, 
these studies indicate that changes in cognition may 
also occur with T treatment and these changes may 
vary according to individual characteristics and 
duration of androgen deprivation. 


Klinefelter’s Syndrome 


Klinefelter’s syndrome (XXY), or supernumary X, is 
due to the presence of surplus X chromosomes in phe- 
notypic males (155-157). Klinefelter’s syndrome affects 
approximately 1 in 500 patients and is characterized by 
testicular failure, impaired spermatogenesis, elevated 
gonadotropin levels, and androgen deficiency (155- 
157). Patients appear essentially normal until puberty 
and adulthood, when these symptoms become appar- 
ent. Distinguishing physical characteristics may 
include long legs and arm span, decreased facial and 
pubic hair, increased fat deposits in a female pattern, 
gynecomastia, and small testes and penis. T treatment 
during adolescence and adulthood is the most common 
form of treatment, with the goal being to reduce long- 
term consequences of androgen deficiency, such as 
osteoporosis. 

Cognitive difficulties during childhood and 
adolescence have been reported, and include lower 
verbal IQ compared to performance IQ, developmen- 
tal speech and language delays, learning disabilities 
(e.g., reading and written expression difficulties), and 
poor school performance (158-163). Some researchers 
have reported attentional difficulties (164), while 
others have found no evidence of attentional difficul- 
ties (165,166). Deficits in reasoning have been reported 
for a nonverbal reasoning test such as the Wisconsin 
card sorting test (167), although this finding is not 
consistent across studies (168). Recent evidence of a 
dissociation between reasoning impairments for 
verbal versus nonverbal information have led some to 
suggest that reasoning impairments in Klinefelter’s 
may be restricted to tasks that involve verbal informa- 
tion processing (169). Recently, Patwardhan et al. (170) 
found that Klinfelter’s syndrome (XXY) men demon- 
strate a reduction in left temporal lobe gray-matter 
volumes on MRI compared with normal control 
subjects, and these volumetric changes correlated with 
deficits in verbal abilities (Fig. 7). Klinefelter’s syn- 
drome patients who had never received T treatment 
evidenced significant reductions in left temporal lobe 
gray matter compared with those individuals who 
had received T supplementation. 

These results suggest that there may be brain 
structure changes related to findings of verbal learning 
disabilities or difficulties with processing verbal infor- 
mation in these patients. In addition, findings of 
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Figure 7 Left temporal lobe gray-matter volumes (cm?) for control 
subjects, KS subjects with testosterone supplementation (KS+T), 
and KS subjects without testosterone supplementation (KS-T). 
Abbreviation: KS, Klinefelter’s syndrome. 


preserved medial temporal lobe structures in patients 
who received T supplementation suggest that andro- 
gens may affect neural structure and integrity through- 
out the human adult life span. 


O CONCLUSION 


Studies reviewed in this chapter demonstrate a rela- 
tionship between androgens and specific aspects of 
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O INTRODUCTION 


The ability of men to produce viable sperm and achieve 
biological paternity through intercourse is fundamen- 
tally linked to physiological processes associated with 
puberty and the proper functioning of the sexual and 
reproductive systems. As persons capable of creating 
human life, however, men are also influenced by vari- 
ous social, cultural, and psychological factors. 
Moreover, relatively recent advancements in reproduc- 
tive technology have radically altered the landscape 
for infertile men, as well as for those involved with 
infertile partners. This technology, and the organiza- 
tions that have been created to employ it, accentuate 
distinctions between and debates about the relative 
significance of biological paternity and social father- 
hood. Not surprisingly, the procreative realm has 
become increasingly complex (1). 

A broad analysis of male fertility considers how 
men’s procreative lives are intertwined with life experi- 
ences embedded in a multilayered, socially constructed 
world. This type of approach also reveals how the 
gendered nature of reproductive physiology shapes 
several aspects of men’s procreative experience includ- 
ing their ability to report their fertility experiences 
accurately, the connection between their sexual and 
reproductive functioning, their level of control over the 
gestation process, and possible options for receiving 
infertility treatments. 

Men’s intrapsychic experiences represent the 
most immediate or personal level of this multilayered 
world. Although it is technically not necessary for men 
to procreate, the cognitive and emotional dimensions 
to men’s lives as procreative beings shape their deci- 
sions relevant to the procreative realm. The awareness 
of and reaction to the ability or inability to procreate is 
expressed at this intimate level. Research has shown 
that the process of becoming aware of one’s ability to 
procreate is largely an unremarkable experience for 
many young men, but it is highly significant for some 
(2). Once young men become aware that they presum- 
ably can procreate—usually between the ages of 12 
and 15—they tend to take this knowledge for granted. 
Ironically, a relatively small proportion of young 


men procreate prior to becoming fully aware of their 
capacity to do so, and some adult men procreate even 
though they had assumed they were sterile. Thus, 
men’s perceptions about their fecundity, though 
important and potentially consequential, may or may 
not reflect objective, physiological reality. 

Men’s conscious fertility desires and intentions 
are expressed within this intrapsychic world as men 
contemplate their immediate and long-term life goals. 
Although unconscious phenomena conceivably may 
be relevant to this intrapsychic domain, theorists tend 
to distinguish between conscious and unconscious 
“wants,” “desires,” or “motivations” (3,4). For most 
men, this inner world is filtered through their interac- 
tions with casual sexual partners, girlfriends, or 
spouses. The varied nature of these negotiated, inter- 
personal encounters offers men avenues for thinking 
about, developing feelings toward, and experiencing 
their procreative identity and ability in relation to the 
mother—or potential mother—of their child. Men’s 
awareness of their procreative ability can either be 
heightened or dampened by their experiences with 
particular partners. Women’s repeated invitations to 
produce a child most likely sharpen men’s attentive- 
ness to their procreative abilities, irrespective of their 
own desires. Similarly, unsuccessful attempts at repro- 
duction with a partner can lead men to internalize the 
socially constructed, symbolic meanings they—and 
perhaps others—associate with their infertility. The 
likelihood that men will discover their infertility and 
ponder its personal significance increases when a 
female partner encourages them to consult a fertility 
specialist. 

The intrapsychic and interpersonal domains are 
both influenced by cultural forces that represent a third 
and more illusive layer of social life. For example, the 
United States’ cultural landscape is characterized by 
pervasive pronatalistic values and norms and guide- 
lines about romantic relationships and family. Adults, 
particularly those who are married, are encouraged to 
have children. Although the stigma of voluntary or 
involuntary childlessness has probably lessened in 
recent years, and expectations of the ideal number of 
children have declined (5), the cultural climate 
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reinforces the virtues of adults having and caring for 
children. Traditional gender ideology plays a role in 
the United States by accentuating the image that repro- 
ducing children can help both men and women fulfill 
their masculine and feminine desires. Although 
men are still less likely than women to be bombarded 
with explicit cultural messages about procreation, 
they encounter subtle as well as direct messages that 
they can and should reinforce their adult status as a 
man by becoming a father and family man. Religious 
ideologies also continue to promote the idea of men 
creating families that include children. 

Obviously, social support for particular males 
having children is often contingent on their life course 
position and personal circumstances. In most circles, 
males are discouraged from having children if they are 
either too young, too old, single, homosexual, mentally 
or emotionally disabled, or poorly prepared to assume 
the associated financial or care-taking responsibilities. 
Although financial considerations continue to out- 
weigh care-taking concerns, the potential rise in time 
and energy demands for fathers stemming from wom- 
en’s increased labor force participation may eventually 
affect the criteria for evaluating some men’s social 
fitness for fatherhood. 

Viewing the three integrated layers (personal fer- 
tility beliefs and intentions, negotiations with a part- 
ner, and cultural influences) collectively reveals 
that individuals engage in varying levels of intrapsy- 
chic activity by drawing upon the general cultural sce- 
narios that define how certain types of men should 
think, feel, and express themselves in the procreative 
realm. These messages, however, are only guidelines 
at best; men may accept or modify them to varying 
degrees as they make personal decisions and suggest 
options for their partner to consider. Thus, the cultural 
scenarios often provide men with a crude set of bor- 
ders for constructing their procreative self-image by 
allowing them to ask and answer questions such as: 
“Do I want to be a father? Do I want this woman to be 
the mother of my child? What do I want from the pater- 
nal experience?” To the extent that men are influenced 
at all by cultural guidelines regarding family and pro- 
creation, they are likely to modify them to suit their 
own needs and wishes while interacting with female 
partners (and gay male companions, too). 

Based on this gendered and multilayered concep- 
tual framework, this chapter (i) provides a portrait of 
the social demography of men’s fertility attitudes 
and behaviors, (ii) explores selective aspects of the 
social-psychological context for procreation, and 
(iii) discusses the key social and psychological issues 
associated with male infertility. Commentary initially 
focuses on the technological advances altering the 
context for understanding the relationship between 
genetic, social, and legal fatherhood (1,6); then, several 
emerging social and psychological issues that will 
likely influence men’s procreative lives significantly in 
the future are highlighted. 


O SOCIAL DEMOGRAPHIC PROFILE OF 
MALE FERTILITY AND INFERTILITY 


Summarizing primarily national data using a life stages 
framework, the Alan Guttmacher Institute’s (AGI) 
2002 report presents a sociodemographic portrait of 
the sexual, contraceptive, fertility, marriage /cohabit- 
ing, and reproductive health patterns for men aged 15 
to 49 in the United States (7,8). This report is supported 
by more recent unpublished data from the newly 
released male National Survey of Family Growth 
(NSFG) conducted in 2002 (9). According to the AGI 
report, the median ages for men’s spermarche, first 
intercourse, first marriage, and first paternity experi- 
ence are 14.0, 16.9, 26.7, and 28.5, respectively (7). 
Table 1 presents NSFG data documenting sexually 
experienced males’ reports of having impregnated 
someone, irrespective of the outcome of the pregnancy 
(9). Among the youngest age category of 15- to 19-year- 
olds, 5.8% acknowledge that they had been told by 
someone that they had impregnated her, with blacks 
and Hispanics (11.9% and 11.0%) being more likely 
to experience this event than whites (3.4%). About 
95% of Hispanics aged 40 to 45 have impregnated 
someone, whereas about 86% and 82% of blacks and 
whites (respectively) in this age category have done 
so. Obviously, these figures are likely to be conser- 
vative estimates, as some males will be unaware 
that they have impregnated someone. In addition, 
some males may have been falsely claimed to be the 
progenitor (10). 

In Table 2, additional NSFG data indicate that 
4.8% of males aged 15 to 19 and 79.5% of men aged 40 
to 45 report having fathered a biological child (9). 
Among teenage males, blacks and Hispanics are more 
likely to have fathered a child (7.7% and 7.8%), com- 
pared to non-Hispanic whites (2.8%). Whereas the per- 
centages of black and white men aged 40 to 45 who 
have fathered a child are relatively close (79.6% and 
77.0%), the percentage of Hispanic men in their early 
40s who have fathered a child is higher (91.5%). Among 
men aged 40 to 45 who have had children, 26% have 
had one child, 33% have had two, 21% have had three, 
and 19% have had four or more. 


Table 1 Percentage of Men Who Have Had Sexual Intercourse 
and Report Ever Having Impregnated Someone, by Age and 
Race/Ethnicity (Male National Survey of Family Growth, 2002); 
Weighted Data 


Non- 

Hispanic 
Age (yr) Total Blacks Hispanics whites Others 
15-19 5.8 11.9 11.0 3.4 2.7 
20-24 28.1 35.4 44.5 21.7 24.6 
25-29 55.4 65.5 69.5 50.4 41.0 
30-34 71.3 81.0 79.7 67.7 68.8 
35-39 776 84.8 83.1 75.4 75.0 
40-45 83.9 85.9 95.4 81.6 86.9 
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Table 2 Percentage of Men Reporting Ever Having a Biological 
Child by Age and Race/Ethnicity (Male National Survey of Family 
Growth, 2002); Weighted Data 


Non- 

Hispanic 
Age (yr) Total Blacks Hispanics whites Others 
15-19 4.8 T 7.8 2.8 3.0 
20-24 20.2 29.0 35.7 13.0 17.4 
25-29 47.1 52.1 65.2 40.8 39.2 
30-34 65.2 73.3 74.7 61.3 63.7 
35-39 71.7 79.9 76.8 69.5 69.1 
40-45 79.5 79.6 91.5 77.0 86.2 


Finally, the AGI reports that about 33% of births 
to men in their 30s and 40s are unintended (7). 

The AGI report (Table 3) also indicates that the 
men most likely to have had a child by their mid-20s 
tend to have limited financial resources or have little 
education (7). Whereas 35% of men (aged 30 to 34 at 
the time of the interview in the early 1990s) classified 
as “poor” or “low-income” report having had a child 
prior to age 25, only 17% of those labeled “better-off” 
have done so. Similarly, 53% of high-school dropouts 
and 32% of high-school graduates with no college 
experience have had a child by age 25, but only 7% of 
college graduates were fathers by that age. By age 30, 
77% of low-income men, 75% of high-school dropouts, 
36% of better-off men, and 27% of college graduates 
have experienced paternity. 

Profiling men according to their fertility status is 
far easier than developing a sociodemographic profile 
of infertile men because the proportion of men who are 
infertile but do not seek fertility treatments is unknown. 
Thus, distinguishing between men who have chosen 
not to have children intentionally and those who have 
experienced primary infertility (no paternity during 
lifetime) or secondary infertility (unable to procreate 
after having done so in the past) is challenging. 

In the United States, approximately 8% (2.4 mil- 
lion) to 15% (5.3 million) of couples including a female 
is of childbearing age are functionally infertile (11,12). 
In 30% to 50% of these cases, it is male-factor infertility, 
and in another 30% to 50% of the cases, it is the female 


Table 3 Percentage of Men (Aged 30 to 34 in the Early 1990s) 
Experiencing Paternity by Age (25 and 30) and Human Capital 
Measures (Alan Guttmacher Institute Report) 


Financial resources Education 
nigh- High- 
Poor or school school 
low-income Better-off dropout graduate 
Paternity 35% 17% 53% 32% 
by age 
25 
Paternity 77% 36% 75% 27% 
by age 
30 
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who is infertile. In roughly 5% to 10%, the cause is 
undetermined or unknown (12-15). 

The wide range of estimates reflects the general 
scholarly consensus on infertility that “true” rates of 
male and female infertility are difficult to identify. 
Unfortunately, much of the available data on infertility is 
based on the white middle-class that seeks fertility treat- 
ment (16). Many infertile men, along with their partners, 
choose not to utilize the services of fertility clinics. About 
50% of infertile couples are estimated to not seek fertility 
treatment (16), in part, because siring a child is not yet an 
immediate concern. Men in these couples have not yet 
realized they may be subfecund, so they have no reason 
to undergo a fertility test. Consequently, no accurate 
demographic portrait exists for the “typical” infertile 
male. Some research suggests that non-whites and 
those with lower incomes are more likely to be infer- 
tile; however, these men are also the most likely to not 
seek fertility treatment, so this population remains vir- 
tually unstudied (11,16). 

Finally, a subset of men will seek this condition 
intentionally by opting for a vasectomy. National data 
from the early 1990s indicated that among all men aged 
30 to 34 and 35 to 39 who had had intercourse in the 
past month, 81% and 84% used some form of contra- 
ception. The percentages of men in these two age cate- 
gories who reported that they relied on a vasectomy 
were 5% and 20%. Recently published national data 
from the Male NSFG reveal that 5.8%, 9.6%, and 18.9% 
of males in the age categories 30 to 34, 35 to 39, and 40 
to 45 report having had a vasectomy or other male- 
sterilizing operation (9). Additional evidence for this 
pattern is found in women’s reports. In 2002, among 
women using a contraceptive method, male steriliza- 
tion was used by 9.2%, 14.2%, and 18.4% of the women 
in the 30 to 34, 35 to 39, and 40 to 44 age categories (17). 
Women’s higher percentages reflects their involve- 
ment with older men. The subset of sterilized men may 
be relevant to medical professionals to the extent that 
some men may look to have their vasectomy reversed 
if they change their mind about having (additional) 
children. 


O SOCIAL-PSYCHOLOGICAL CONTEXT OF 
MALE FERTILITY AND INFERTILITY 


Male fertility and infertility issues are not solely the 
intellectual property of medical science. For example, 
demographers and social psychologists are interested 
in measuring and studying aspects of men’s fertility 
motivations and experiences. Findings of several 
national surveys indicate that roughly 92% of the 
never-married male respondents aged 17 to 25 (sur- 
veyed in 1982) and 89% of never-married male respon- 
dents aged 15 to 19 (surveyed in 1988) expected to 
father a child at some point in their life (from the 
National Longitudinal Survey of Labor Market 
Experience and National Survey of Adolescent Males, 
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respectively) (1). About 62% of the 2002 male NSFG 
sample of teenagers indicate they “definitely” intend 
to have a (another) child, and 36% report “probably.” 
Of those teenagers reporting the number of children 
they intended to have, 13% indicated one, about 59% 
said two, and about 20% reported three (9). Another 
national survey found that 87% of childless married 
men and 81% of single men intended to have a child at 
some future point [National Survey of Families and 
Households (NSFH), 1987 and 1988] (1). One impor- 
tant reason cited is love. Furthermore, although the 
common assumption is that women are more likely 
than men to seek a child in an effort to solidify a rela- 
tionship, research on teenagers reveals that some 
young men also feel the urge to have a child with 
someone whom they care about in order to secure their 
involvement with the person (18). 

Studying men’s procreative ability using a social- 
psychological lens allows fertility specialists to under- 
stand more fully the interconnection between cultural 
context, interpersonal issues, and men’s reproductive 
physiology. Previous research highlights the link 
between socially induced stress (e.g., work or interper- 
sonal) and physiological disruption in erectile 
ability (14,19,20), which can complicate men’s ability 
to deliver viable sperm to the ovum. While men with 
erectile dysfunction (ED) represent a relatively small 
number of cases involving sexual dysfunction and fer- 
tility, other research link psychological stress more 
directly. In a study of 158 males, researchers found 
stress to be the cause of decreased sperm quality in 
roughly 44% (21). 

To be sure, many texts and articles dealing with 
male procreative ability address the impact of infertil- 
ity and infertility treatment on the male psyche 
(11,14,19-25); however, aside from stating that fertility 
is an important aspect of male identity (26) and that 
infertility is psychologically distressful (11,22,23), 
much of the literature fails to bridge the gap between 
the social (e.g., expectations of male fecundity), psy- 
chological, and physiological experiences of men. For 
example, explaining why some men (and not others) 
experience ED under socially induced psychological 
stress requires an understanding of the intrapsychic 
processes of identity. The key elements of identity 
theory will be briefly described in order to bridge the 
gap between the social and physiological aspects of 
male fertility. 


Identity Theory, Fatherhood, and Masculinity 


Sociologists have long assumed that individuals 
occupy positions in society, or have statuses, that allow 
them to interact with others in a way that is meaning- 
ful to the self and to others (27-29). Statuses are defined 
by roles, general groupings of behavioral enactments, 
that allow onlookers to interpret the behavior as being 
consistent with the status claim being made (28,29). 
Identities, the internalized social role designations of 
statuses, are the outcomes of social expectations, 


individual agency (individuals choose some identities 
over others), and cognitive perceptions (how individu- 
als assess an identity’s value in constructing the self). 
In general, identity theory posits that individuals have 
multiple selves (29), and helps explain how and why 
social expectations are interpreted and enacted (to 
varying degrees) by individuals in society. 

In a pronatalist society such as the United States, 
a man is most likely to develop a father identity if he 
does at least some of the things people expect fathers 
to do (30); this includes reproductive functioning for 
the purpose of siring progeny. Identity theory is rele- 
vant to understanding male fertility by showing why 
some men are more likely to be concerned with fecun- 
dity issues, more likely to become involved in fertility 
treatment, and more or less involved in those treat- 
ments. Men’s fertility treatment decisions often hinge 
on their perceptions of their own masculine identity 
and how salient issues of procreation are to them. 

Fatherhood represents an important marker of 
masculine identity, one that symbolizes the male tran- 
sition into adulthood (1,12,26,31). Our primary interest 
in fatherhood accentuates how it is tied to male fecun- 
dity (procreation requires the production of viable 
sperm) and masculine identity. Most societies highly 
value fatherhood, and while being virile is linked to a 
male’s ability to impregnate a woman (26,31), it is also 
associated with masculinity (1,2,26). Research finds 
that infertile males or those with some sort of sexual 
dysfunction tend to report a sense of grief, anger, loss, 
isolation, foreboding, inadequacy, and the tendency to 
view the self as unmasculine (12,14,16,26,32,33). 

For those whose sexual dysfunction or infertility 
is due to illness or injury, considerations of identity are 
especially important. Being able to perform sexually is 
as important to masculine identity as is able-bodied- 
ness, defined as the lack of disease or physical handi- 
cap (34,35). When unexpected medical events such as 
illness or injury (e.g., cancer or spinal cord injury) are 
confounding factors in decreased sexual function, 
males may be especially prone to negative feelings 
(36,37), particularly when biological fatherhood is a 
salient issue for them (38). Clinicians have successfully 
used assisted reproductive technology (ART) to help 
male cancer patients achieve procreation through cryo- 
preservation of sperm prior to undergoing cancer 
treatments (39,40). Other techniques to overcome infer- 
tility have been used, such as sperm extraction, for 
those with spinal cord injuries (41,42). Reproductive 
dysfunction in this population of males, however, 
needs special consideration due to the complexity 
surrounding masculine identity, disease, physical 
handicap, and reproductive capability. Males with 
salient father identities who find that biological father- 
ing is not an option, because of illness or injury and 
despite ART, may attempt to reconstruct their identity 
in other meaningful ways (37,38,43). 

A male’s “fatherhood readiness” is his subjective 
sense of how ready he is to take on a father identity 
and responsibilities (2), and is related to procreative 


Chapter 11: 


abilities. If a male has a low sense of fatherhood readi- 
ness, being infertile may be irrelevant (38). Also rele- 
vant is the issue of identity salience—the idea that 
individuals are more likely to draw on some identities 
than others (29). A male who is mindful of his current 
or future father identity is more likely to be concerned 
with his fertility than a male who is not (44,45). A male 
may also have a high sense of fatherhood readiness, 
but not necessarily have a salient father identity. In 
other words, he may feel he would make a good father, 
but he is not immediately concerned with becoming 
one. For this reason, he may not be concerned with his 
own subfecundity, and would have a diminished 
desire to seek fertility treatment (38) or stay involved 
with fertility treatment (11). 

A related but separate concept is identity com- 
mitment, which describes an individual’s investment 
of time and energy into an identity of personal value. 
Identity commitment also takes into account the degree 
to which relationships with others depend on a partic- 
ular identity (29). It can be expected that a male who 
has a salient father identity, and is in a relationship 
contingent upon his procreative future (assuming a 
father identity), would be more concerned about infer- 
tility and more likely to utilize clinical services than a 
male who does not have a salient father identity or 
relationships built on a future father identity. 

Conversely, a male with a salient masculine iden- 
tity may attempt to distance himself from a procreative 
identity if he experiences reproductive dysfunction. Of 
course, this is feasible as long as his interpersonal rela- 
tionships do not depend on his procreative ability. 
If they are contingent upon his procreative identity 
and he retreats from it, relationship discord may ensue. 
In practice, couples whose relationships are built upon 
expectations of sharing future parent identities may 
encounter difficulties in their relationship when male- 
factor infertility threatens the ability to realize those 
identities (23). The relationship may suffer when the 
man withdraws his involvement in fertility treatments 
in an effort to avoid what he may view as a threat to his 
masculine identity. As noted above, some males 
attempt to reconstruct their masculine identity by com- 
mitting to identities other than procreative or father 
identities after numerous unsuccessful attempts at 
impregnating their partners (12,38). Clinicians should 
be mindful of these complexities when treating couples 
for male-factor infertility. 

Men’s procreative identity (their sense of self as a 
procreative being) has been greatly affected by 
new ARTs, including in-vitro fertilization (IVF), micro- 
epididymal sperm aspiration (MESA), and direct 
testicular aspiration [testicular sperm extraction 
(TESE)]. These technologies make infertility less prob- 
lematic for men, and may help men overcome the 
social stigma associated with infertility (26), but again, 
only those men with salient procreative and father 
identities are likely to use them (assuming they are 
able to afford them). Of course, men can experience 
paternity in ways that do not involve their biological 
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progeny, such as foster parenting or adoption; how- 
ever, social expectations regarding men’s fecundity, 
men’s sense of self, and the interconnection between 
masculinity and virility (fertility) may lead many 
men to choose medical paths to paternity over social 
ones (46). 


O PSYCHOSOCIAL INFLUENCES ON 
MALE INFERTILITY 


Once young men develop their procreative conscious- 
ness during their teen years, most assume they are 
capable of procreating throughout their lives. In most 
cases, men’s perceptions match their realities. It 
appears, however, that a growing proportion of adult 
U.S. men are faced with the stark reality that their abil- 
ity to procreate is compromised. Some estimate that 
the proportion of men who are functionally sterile 
(having sperm counts below 20 million per milliliter of 
semen) has increased 15-fold since 1938, from one-half 
of 1% to somewhere between 8% and 12% (47). 
Evidence suggests that there has been an overall 
decline in human semen quality over the last 50 years 
(48-50), but there is no widespread agreement in the 
academic community and this is still a hotly debated 
topic (51,52). 

The complexity of male infertility goes far beyond 
the difficulties of estimating the number of men 
affected as mentioned previously. Male infertility has 
important and interrelated physiological, social- 
psychological, and social/cultural dimensions. Fertility 
is generally thought of as a potential physiological out- 
come of vaginal intercourse, especially when contra- 
ception is not practiced. To be sure, men’s opportunities 
for having a biological child are typically linked to 
their ability to sustain an erection sufficient for vaginal 
intercourse. Thus, if men experience some form of 
sexual dysfunction, whether from psychological dis- 
tress (21) or illness (37,53), their ability to produce a 
child biologically related to them is greatly diminished. 
Similarly, men’s chances of producing biological 
progeny will be adversely affected if they have a 
high number of impaired sperm parameters (low 
sperm count, low sperm motility, high sperm mor- 
phology, etc.) (54). 


Social Class and Male Infertility 


Although men’s infertility status may be viewed fre- 
quently as an individual attribute or as an aspect of a 
couple’s shared experience or identity, sociological 
factors structure men’s experiences as well. For exam- 
ple, social class appears to be a relevant factor affecting 
the infertility context. One study found that the dura- 
tion of infertility was six months less for those whose 
income fell within the upper quartile of family income 
compared to those with the lowest incomes (55). This 
difference may reflect affluent couples’ ability to pay 
for the more sophisticated fertility treatments. A more 
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direct link between social class and infertility can be 
shown by noting that working-class and blue-collar 
men are more likely to be exposed to occupational haz- 
ards such as heat, toxins, and chemicals that are known 
to decrease sperm counts and increase sperm morphol- 
ogy (56-62). Exposure to hazardous materials on the 
job affects more than men’s ability to procreate. Men 
who have been exposed to chemicals such as lead and 
mercury have an increased risk of siring a child with a 
congenital defect (63). (For further information on this 
topic, refer to Chapter 21.) 

Although impregnating a woman and having 
children is one visible way for men to demonstrate 
their masculinity, fulfilling the breadwinner role is 
another. Ironically, as some men express their mascu- 
line identity by fulfilling cultural expectations about 
the family man as breadwinner, they also place them- 
selves at an increased risk of infertility through expo- 
sure to occupational hazards. In other words, the two 
important routes for working-class males to demon- 
strate masculine identity are sometimes at odds, as 
some may be forced to sacrifice one for the other. 


Cigarette, Alcohol, and Substance Abuse 
Behaviors and Male Infertility 


A gender lens also highlights how cultural forces affect 
fertility outcomes for men indirectly by encouraging 
them to engage in various risk-taking behaviors beyond 
the work place. Until recently, problems with fertility, 
childbirth, and child health outcomes have been the 
province of women/mothers. Males have traditionally 
escaped the blame for complications with birth out- 
comes because of how fertility has been socially con- 
structed in practical terms by highlighting women’s 
visible gestation experience over a period of months 
(15,26,30). Evidence is mounting, however, that men’s 
risk-taking behaviors (e.g., cigarette smoking, alcohol 
use, and drug use) are linked to infertility and birth 
outcomes for their offspring. 

The masculinity themes captured by the smoking 
James Dean renegade image of the mid-1900s, the 
autonomous “Marlboro man,” and the blue-collar 
laborer or military man bonding with their peers while 
sharing a smoke, have no doubt inspired some boys 
and men to smoke. Men’s quest for this masculine 
image has compromised the procreative abilities for 
some. For more than two decades, researchers have 
identified a link between cigarette smoking and male 
infertility (64), although the exact relationship remains 
unclear (65-67). Tobacco smoke is known to have some 
4000 chemical compounds, among which are nicotine 
(and cotinine, its major metabolite), polycyclic aromatic 
hydrocarbons [benzo(a)pyrene], ammonia, cadmium, 
and carbon monoxide (68). Cadmium, cotinine, and 
benzo[a]pyrene are genotoxic, mutagenic, and carcino- 
genic compounds that are linked with DNA damage in 
spermatozoa (67-69). Male cigarette smoking is associ- 
ated with increased sperm-parameter impairment 
(lowered sperm counts, lowered sperm motility, higher 


sperm morphology, etc.) and longer time to conception 
(47,65,66,69). Evidence suggests that cigarette smoking 
is detrimental to males’ procreative ability, although 
the effects of smoking on men’s fecundity are believed 
to be temporary and reversible (66). The consequences 
of men’s social behavior, however, go beyond 
their ability to procreate. Paternal smoking is also 
linked with assisted reproductive complications (70), 
spontaneous abortion, and childhood diseases— 
very real consequences for their children’s health out- 
comes (67,69). 

Other substances such as marijuana, alcohol, and 
cocaine are of importance in male sexual reproductive 
function because males are more likely than females to 
engage in risky behaviors such as substance use or 
abuse. Although the magnitude of the effect these sub- 
stances have on male sexual reproductive function is 
unclear, it is known that they depress fertility in vari- 
ous ways. Marijuana smoke is linked to depressed 
sperm counts and abnormal sperm motility in chronic 
users (71,72). Alcohol is linked indirectly to reproduc- 
tive function by its adverse effect on the hypothalamus 
and anterior pituitary glands, and thus the regulatory 
systems that control sexual function (73). Chronic alco- 
holism impacts testosterone production and testoster- 
one blood levels, and can lead to testicular atrophy 
(73). In general, alcohol has little impact unless there is 
liver damage (42). Cocaine does not directly affect 
reproductive function or fertility, but can bind to sperm 
in vitro (74). 

Marijuana, alcohol, and cocaine use and/or abuse 
extend beyond a male’s reproductive capabilities by 
adversely influencing the fetal development of his off- 
spring. Spontaneous abortion, low birth weight, 
and physical and mental developmental retardation 
are consequences of men’s social behaviors (63,67, 
75-78), although the extent to which this is true is 
unknown (47,69). 


O PSYCHOSOCIAL IMPACT OF INFERTILITY 
TREATMENT 


As mentioned earlier, medical science has developed 
several sophisticated procedures such as MESA and 
TESE that can assist men in overcoming sexual dys- 
function and abnormal sperm by retrieving viable 
sperm to be used later for IVF or intracytoplasmic 
sperm injection (14). Although these procedures can 
help individual men overcome the physiological 
aspects of male infertility; they are costly, so only those 
with the financial resources to pay for them have 
access. 

In general, females are more likely to initiate the 
fertility treatment process, and are also much more 
likely to be involved intimately in it (16,23,54). This 
may lead clinicians to view men as less interested in 
the process, and thus, less invested in the fertility treat- 
ment outcome. Questions have been raised, however, 
about the validity of the instruments used to measure 
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women’s and men’s responses to fertility treatments, 
as many of these measures are more sensitive to how 
women experience the fertility treatment process 
(12,22). 

As noted above, paternity is often viewed from a 
cultural perspective as an important marker of mascu- 
line identity (1,26,31). Because most societies highly 
value paternity, and being virile is linked to being able 
to procreate, male virility is often associated with mas- 
culinity (26). Consequently, males may feel socially 
stigmatized by their subfecundity and therefore reluc- 
tant to undergo fertility treatments. Previous research 
finds that infertile males tend to have lower self-esteem 
and exhibit a greater likelihood of mild (nonclinically 
significant) depression compared to fertile males. As 
with men experiencing sexual dysfunction, infertile 
males also tend to report a sense of grief, anger, loss, 
isolation, foreboding, and inadequacy (12,14,16, 
26,32,33). Socially, men are expected to be emotionally 
reserved in the face of emotional distress (79), and in 
an effort to minimize that distress, some men with- 
draw from the treatment process in order to protect 
their masculine sense of self. That said, men’s responses 
are largely dependent on how salient the father role 
(and fertility) is to them individually (41). 


Donor Insemination 


So strong is the desire to avoid the social stigma of 
infertility that when sophisticated fertility treatments 
are unsuccessful (or financially unavailable), some 
men and their partners opt for the products of sperm 
donation clinics. Donor insemination (DI) became 
popular shortly after WWII, and since the 1950s, an 
estimated 1 million children have been born using DI 
(80,81). Some 30,000 children are born annually from 
DI, with over 400 sperm banks helping couples over- 
come male-factor infertility (80). Although DI offers 
an alternative route to parenthood and allows for a 
genetic link to at least one parent, it is still shrouded in 
secrecy to help subfecund men avoid social stigma 
and shame (80). 

DI’s popularity has given rise to a commercial 
industry in which virile semen is commodified, 
bought, and sold to those willing to pay (82). The com- 
modification of semen brings two important issues to 
light. First, men recruited to donate sperm may be 
motivated more by the monetary payment than altru- 
ism (81). “The issue of payment as an incentive cannot 
be separated from the types of men targeted by recruit- 
ment methods, and this must be borne in mind when 
discussing the need for payments” (82). Interestingly, 
those who donate sperm place themselves in the posi- 
tion of having their fecundity status evaluated, for 
better or worse. Compared to men who do not donate 
regularly—especially those who have not yet fathered 
a child—sperm donors may define themselves in 
unique ways and be more conscious of their ability 
to procreate. Second, the recruitment and screening 
of semen donors means clinicians act as gatekeepers. 
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In a sense, clinicians control the outcomes of the DI 
recipient’s family because the decision to accept some 
men as donors and reject others means they control 
the genetic origins of the resulting offspring (82). 

Research on Israeli DI recipients illustrates how 
societal norms of beauty influence the recruitment of 
sperm donors and the selection of the sperm sample 
to be used in the DI procedure. When recipients have 
a role in the decision-making process, and when 
physical characteristics of the donor are known, 
recipients tend to choose semen samples that are con- 
gruent with cultural ideals of physical health and 
beauty (83). 


O FRAMING THE CONTEXT FOR 
FUTURE RESEARCH 


Because the social, demographic, cultural, and techno- 
logical landscapes of the United States and elsewhere 
are changing, compelling social science questions 
related to men’s fertility perceptions and behaviors 
continue to emerge. Several of these developments are 
highlighted here, and avenues for future research are 
noted by drawing on the gendered and multilayered 
framework used to review men’s lives within the pro- 
creative realm. This perspective accentuates the inter- 
related nature of the genetic, social, and legal aspects 
of paternity and social fatherhood. 


Evaluating the Impact of Changes in 
Family Structure 


Given recent changes in family demography—most 
importantly, the growth in stepfamilies—understand- 
ing the social-psychological context of fertility deci- 
sions made within nontraditional families is becoming 
increasingly important. Compared to recent cohorts, 
men today are more likely to form relationships with 
women who have given birth to another man’s child. 
Thus, scholars and clinicians are faced with unique 
challenges in studying and working with stepfathers 
as they consider natural as well as noncoital forms of 
procreation. 

For those men living in stepfamilies who have 
not yet had biological children, the motivations to have 
them may be similar to those of first-time fathers in 
many respects. At the same time, stepfathers with or 
without biological children may feel that having a 
child with their partner who is already a mother may 
help integrate them into and expand their household 
family. Although little is known about stepfathers’ fer- 
tility motivations, some qualitative work reveals men’s 
wide-ranging perceptions. Some men report that 
loving a stepchild satisfies their paternal desires and 
that they are reluctant to have a biological child because 
they fear that doing so would limit what they could do 
with and for their stepchild (84). 

An analysis based on two waves of data from the 
NSFH (1987-1988, 1992-1994) found that spouses think 
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about each other’s children when they develop their 
own fertility intentions. Having a spouse with children 
influences intentions as much as having children of 
one’s own. For men, a spouse’s children are actually 
more important predictors of intentions (85). Other 
research using national data shows that men with 
lower socioeconomic status who become stepfathers 
gain a “fertility benefit” because their partner is more 
likely to have a child with them (86). 

The presence or absence of men’s own children in 
stepfamily households may be an important factor 
shaping stepfathers’ fertility desires. Some research 
suggests that stepfathers who also have children of 
their own, compared to those who do not, “feel more 
companionship with their stepchildren, experience 
more intimate stepfather-stepchild interactions, are 
more involved with their stepchildren’s friends, feel 
fewer negative feelings about stepchildren, and have 
fewer desires to escape” (18). 

In a similar vein, the first author, using national 
data from 1987 to 1988, found that stepfathers who 
lived with both stepchildren and biological children 
compared to their counterparts who only lived with 
stepchildren were more likely to report perceptions 
consistent with having a father-like identity (87). 

Although issues associated with stepfathers’ fer- 
tility motivations often involve men who are in a cou- 
pled relationship in which fertility is possible through 
natural means, some stepfathers may confront dilem- 
mas as part of an infertile couple. In some cases, these 
men will experience a male-factor form of infertility. 
Irrespective of the infertility source, fertility specialists 
and support staff should be sensitive to the potentially 
unique interpersonal dynamics between stepfathers 
and their partners. Women who have already given 
birth to another man’s child may approach the fertility 
treatment process and the more general mission to 
become a social parent differently from those who 
have never given birth to another man’s child. Likewise, 
stepfathers who have their own biological children 
from a previous relationship may manage the infertil- 
ity treatment process differently from nonfathers. 
Although it does not seem that any study addresses 
this hypothesis, the authors suspect that stepfathers 
who have experienced biological fatherhood may be 
less motivated to pursue/continue fertility treatment 
while being less supportive of their partner as well. 
Stepfathers who explore fertility treatment options, 
however, may be a self-selected, highly motivated 
sample, as stepfathers with biological children (and 
the birth mothers with whom they are involved) may 
be less inclined to seek out the assistance of a fertility 
specialist in the first place. 

As these comments about stepfathers suggest, in 
contemporary U.S. society, the complexity and fluid 
nature of relationship formation and family /house- 
hold structures (88) provide researchers a plethora of 
opportunities to study the intersection between the 
social demographic and social-psychological aspects 
of men’s fertility. For example, men increasingly are 


having children with multiple partners both within 
and outside of a committed relationship /marriage. In 
addition, men who forge new romantic relationships 
after they have fathered a child with someone else 
often get involved with a woman who is in the twilight 
of her reproductive years and/or has already given 
birth. The familial context for fertility decision making 
in this situation may be quite different from that found 
among partners in which neither has had a child. 

Men who have multiple opportunities to develop co- 

parental roles with different women may tend to have 

experiences dissimilar to men who restrict their fertil- 
ity and fathering events to one woman. Researchers 
need to ask: 

m How do men manage their fertility decision-making 
and fathering in this type of climate? 

m How do fertility and parenting experiences with 
previous partners (both for men and for women) 
influence men’s motivations for future fertility with 
their current partner? 

m How are men’s fertility intentions affected when 
they become stepfathers first, then leave that 
relationship and face an opportunity to become a 
biological father with someone else? 


Understanding the Impact of Female 
Partner’s Identity and Fertility Goals 


In recent decades, it has become increasingly clear that 

men’s lives in the procreative realm are often intercon- 

nected with their partners’ life experiences and goals, 
including their growing participation in the work force. 

Consequently, researchers need to examine more closely 

how men’s fertility desires, intentions, and experiences 

are related to the types of women they seek to have rela- 
tionships with, or are in unions with already: 

m What types of men are willing to limit or forgo 
becoming fathers in order to be involved romanti- 
cally with a particular career-oriented woman? 

m How do professional women’s decisions to post- 
pone fertility affect men’s orientations toward their 
own procreative desires? 

m What types of bargains are negotiated? 

m Towhat extent do men partnered with professional 
women support their partner or feel disappointed 
when fertility is postponed or avoided? 

Of course, women’s increased participation in 
the labor-force does not directly affect men’s physio- 
logical capacity to procreate, but women’s professional 
ascendance can influence the social circumstances for 
men’s procreation (89). Being aware of these patterns 
may enhance the medical professional’s chances of 
addressing men’s and couples’ therapeutic and repro- 
ductive treatment needs in a holistic manner. 


Assessing the Impact of New 
Developments in ART 


Technological developments will continue to shape 
the cultural and social context within which men expe- 
rience different aspects of the procreative realm. For 


Chapter 11: 


example, because delayed childbearing has become 
more prevalent in recent decades, in part due to later 
ages for first marriages, high rates of relationship and 
marital dissolution, and strong work-related commit- 
ments (90), research questions focusing on men’s per- 
ception of and involvement with ARTs are timely. As 
noted earlier, some research has explored men’s expe- 
riences with ART, but there is much to learn about 
how men deal with noncoital forms of reproduction. 
Techniques dependent on donor semen are of particu- 
lar interest because they potentially raise issues for 
men about their sense of procreative adequacy, con- 
cerns that may be related to or confounded with sexual 
dysfunction. Research that generates a deeper under- 
standing of men’s individual concerns about ART as 
well as their interactions with their partner can pro- 
vide fertility specialists and staff useful insights for 
assisting men and their partners in coping with their 
stressful attempts to deal with infertility. 

Just as modern technology has heightened aware- 
ness of the multiple categories of motherhood (ovum, 
gestation, social legal) (90), the development of DNA 
fingerprinting technology has fostered efforts to dis- 
tinguish a man’s genetic contribution to paternity from 
the legal and social dimensions of fatherhood (91). 
Although relatively few people use this form of test- 
ing, the technology’s accessibility alters the larger cul- 
tural and legal context within which paternity is 
interpreted and negotiated (92). The technology chal- 
lenges the simplicity of how paternity typically has 
been defined in Western countries, prompting a more 
sensitive approach to the nuances of paternity confir- 
mation (10). On a personal level, a man can now know 
with certainty if he is a child’s genetic father. Even chil- 
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Part Il 


Pathophysiology of 
Male Reproductive Dysfunction 


Do is defined as a couple’s inability to achieve 
pregnancy following one year of appropriately timed 
and unprotected intercourse. “Male-factor infertility” 
is a general term that describes couples in whom an 
inability to conceive is associated with a problem 
identified in the male partner, which may be classified 
into the following etiologies: low sperm production 
(oligospermia), poor sperm motility (asthenospermia), 
abnormal sperm morphology (teratospermia), and a 
combination thereof (oligoasthenoteratozoospermia). 
Male-factor infertility also describes men who may 
have normal sperm production, but also exhibit 
conditions that prevent sperm transport to the vagina 
during intercourse (e.g., reproductive tract obstruction 
or ejaculatory dysfunction). Although the fact of male 
reproductive dysfunction assumes that the male patient 
in question is of mature, reproductive age, it must be 


remembered that developmental disorders such as 
cryptorchidism, testicular torsion, constitutional delay 
of growth and puberty, hypogonadotropic hypogo- 
nadism for any number of reasons, genetic defects such 
as Klinefelter’s syndrome or sickle-cell anemia, and 
congenital defects such as bilateral absence of the vas 
deferens, may affect the future fertility of an individual 
even prior to his own birth. Similarly, events that may 
have occurred during past sexually active years, such 
as a remote history of genital infection, and chronic 
environmental issues such as exposure to hazardous 
materials or malnutrition, should not be discounted. 
A current medical history of concomitant systemic 
disease, such as diabetes or cardiovascular problems, 
may also be significant contributing factors to infertility. 
The chapters in Part II of this volume describe each of 
these conditions in detail. 


Section I: General Aspects 
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O INTRODUCTION 


Hypogonadism refers to a deficiency in androgen 
secretion and/or sperm production. Most androgen- 
deficient patients are infertile, while most infertile 
patients have serum testosterone levels within the 
normal range. Defects of steroid secretion by the 
Leydig cell may be either primary or secondary. The 
clinician must be able to distinguish one condition 
from the other in order to plan appropriate treatment, 
and the basic scientist focusing on andrology should 
understand the clinical implications of dysregulation 
of the reproductive axis. 

Patients with androgen undersecretion are tradi- 
tionally classified as having either primary testicular 
dysfunction or a hypothalamic—pituitary disorder; 
however, combinations of the two may occur during 
aging, or as in hepatic cirrhosis, type 2 diabetes, and 
sickle-cell disease, and many other chronic diseases 
(Table 1). A decreased-androgen effect mimicking true 
hypogonadism may be seen in patients with androgen 
receptor (AR) abnormalities, postreceptor signaling 
abnormalities, and failure to convert testosterone to 
dihydrotestosterone (DHT) (5a-reductase deficiency). 
The most useful laboratory tests in the management of 
a patient with hypogonadism are the measurement of 
plasma follicle-stimulating hormone (FSH), luteinizing 
hormone (LH), and testosterone concentrations (Fig. 1). 
If these hormone measurements are borderline and 
the patient has clinical symptoms or signs of hypogona- 
dism, the free or bioavailable testosterone can be mea- 
sured to diagnose hypogonadism in patients with low 
free testosterone and elevated sex hormone-binding 
globulin (SHBG), as in the case of elderly men. 

With the basal concentrations of FSH, LH, and 
testosterone, a clinician can usually determine the ana- 
tomical level of the reproductive disorder (1,2). Low 
concentrations of testosterone, FSH, and LH are indic- 
ative of hypogonadotropic hypogonadism (HH); pre- 
pubertal onset is usually indicative of a congenital 
defect, pituitary or hypothalamic neoplasm, or inflam- 
matory disorder. Prolactin concentrations should be 
checked to identify patients with hyperprolactinemia. 


Anterior pituitary hormone function should be 
assessed and a magnetic resonance imaging (MRI) scan 
performed to exclude hypothalamic—pituitary mass 
lesions. Elevated FSH and LH concentrations in the 
presence of low testosterone indicate primary pantes- 
ticular failure. A karyotype could be performed to 
exclude Klinefelter’s syndrome (KS). Isolated eleva- 
tions of FSH in the presence of normal LH and testos- 
terone indicate isolated germinal epithelium damage 
as is commonly seen in azoospermic infertile men. 
Elevated LH concentrations in the presence of elevated 
testosterone and estradiol levels suggest androgen 
resistance; genital skin fibroblast studies or gene 
analysis will define the abnormality of the AR. 


O TYPES 
Primary Gonadal Failure 


Primary hypogonadism is a more frequent cause 
of low serum testosterone in younger men than 
hypothalamic—pituitary disease. The list of specific 
etiological causes is long (Table 1) but often definable 
by careful history, physical examination, and labora- 
tory tests. 


Klinefelter’s Syndrome 


This most common form of congenitally induced 
primary male hypogonadism (500-1000 male births) 
was described by Klinefelter (3) in nine men who had 
small testes with androgen deficiency, azoospermia, 
bilateral gynecomastia, and increased urinary gonado- 
tropin excretion. Subsequently, eight of the nine men 
were shown to be positive for a Barr body, indicating 
an extra X chromosome. 

Klinefelter’s males are usually shown to have an 
XXY karyotype (4). There are several genetic mecha- 
nisms that can lead to this karyotype. Most are due to 
nondisjunction of a maternal or paternal sex chromo- 
some during the first meiotic division (5). Although 
hypogonadism and infertility are the most common 
clinical signs that identify this disorder, other nonre- 
productive defects can also occur. These include 
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Table 1 Common Causes of Male Hypogonadism 


Hypothalamic-pituitary disorders (secondary Leydig cell 
dysfunction) 

Idiopathic GnRH deficiency, Kallmann’s syndrome, 
Prader-Willi, Laurence—Moon-BiedI syndromes, multiple 
hypothalamic deficiency, pituitary hypoplasia 

Trauma, postsurgical, postirradiation 

Tumor (adenoma, craniopharyngioma, others) 

Vascular (pituitary infarction, carotid aneurysm) 

Infiltrative (sarcoidosis, histiocytosis, tuberculosis, 
fungal infection, hemochromatosis) 

Systemic illness, malnutrition, anorexia nervosa, 
obesity, diabetes mellitus 

Autoimmune hypophysitis 

Drugs (drug-induced hyperprolactinemia, sex steroids) 

Testicular disorders (primary Leydig cell dysfunction) 

Chromosomal (Klinefelter’s syndrome and variants, XX male 
gonadal dysgenesis) 

Defects in androgen biosynthesis 

Orchitis (mumps, other viral, HIV, leprosy) 

Autoimmune orchitis 

Cryptorchidism 

Myotonia dystrophica 

Toxins (alcohol, opiates, fungicides, insecticides, heavy metals, 
cotton seed oil) 

Drugs (cytotoxic drugs, ketoconazole, cimetidine, spironolactone) 

Systemic illness (uremia, liver failure) 

End-organ disorder (impaired androgen action) 

Androgen receptor defects 

Postreceptor transduction abnormalities 


5a-Reductase deficiency 


MALE HYPOGONADISM 


Assess serum 
FSH, LH, T 


cognitive disabilities, behavioral dysfunction, abnor- 
malities of tooth structure, and atypical findings of 
relatively longer lower extremities when compared to 
upper extremities. 

The phenotypic manifestations of KS are most 
classical in men with a 47, XXY karyotype. Some men 
with the clinical picture of KS have a mosaic pattern 
where some of the cells are XXY and others are normal 
XY. In other, less common situations, greater super- 
numerary X chromosomes may occur, producing a 
spectrum of XXY, XXXY, and mosaics of these two 
variants. 

Diagnosis of KS prior to puberty is often difficult, 
although learning disabilities, attention deficits, and 
behavioral dysfunction may raise a suspicion of KS in 
early life. The testes are usually small in the neonatal 
period, failing to increase in size at puberty and remain- 
ing less than 1.5 mL in volume (6,7) due to absence of 
germ cells in the seminiferous tubules. Interestingly, 
the few testicular biopsies available from prepubertal 
KS patients show either normal or minimal evidence of 
germ-cell loss (8-10). LH and FSH levels tend to be 
normal prior to puberty but rise above the normal 
range at the age of physiologic pubertal increases in 
reproductive hormones. Gynecomastia occurs in vary- 
ing degrees during the postpubertal period, probably 
due to a relative increase in estradiol secretion from 
the hyperstimulated testes and decreased ratios of 


Figure 1 Diagnostic approach to a patient with 
male hypogonadism. Abbreviations: FSH, follicle- 
stimulating hormone; HCG, human chorionic 
gonadotropin; LH, luteinizing hormone; MIF, mul- 
lerian inhibiting factor; T, testosterone. Source: 
From Ref. 103. 


testosterone to estradiol. In KS, muscle mass may 
appear to be normal but is usually diminished and 
strength is decreased. Beard and body hair are reflec- 
tive of the testosterone levels in the patient. The pros- 
tate is prepubertal and does not increase in size until 
androgen treatment is begun. Taurodontism (enlarge- 
ment of the molar teeth by extension of the pulp) is said 
to be present in 40% of KS patients when compared to 
1% with the general XY population. Other dental 
abnormalities including increased caries have been 
frequently seen in the authors’ experience. 

Serum testosterone levels are usually low or 
low-normal (11), with free testosterone levels more 
predictably decreased due to increased SHBG levels 
(12,13). In many instances, a temporary state of com- 
pensated hypogonadism may be present (elevated 
serum, LH, and FSH with normal serum testoster- 
one), but testosterone levels fall as the patient ages. 
Serum LH and FSH levels are uniformly elevated in 
adult KS patients even when serum testosterone falls 
within the low-normal range. Azoospermic infertility 
is the rule in KS, with typical testicular biopsies 
revealing Leydig cell hyperplasia, loss of germ cells, 
sclerosis of the germ-cell compartment, and thick- 
ened tubular basement membranes (4). Mosaic forms 
may have some degree of immature germ cells on 
biopsy, but almost all are azoospermic. The reasons 
for delayed Leydig cell failure and the relationship of 
spermatogenic failure to the Leydig cell abnormalities 
are unknown. 

Lowered verbal IQ is commonly reported by age 
seven (14). The reasons for the cognitive dysfunction in 
KS are not known, but the selective learning (dyslexia) 
and behavioral difficulties suggest an integrative dis- 
order of the central nervous system (CNS) reminiscent 
of other frontal-temporal lobe disorders (15). An 
autopsy study of dyslexic brains with cognitive pheno- 
types similar to those seen in KS patients has revealed 
a loss of the typical leftward asymmetry seen in right- 
handed control subjects, particularly in the area of the 
first temporal gyri (16). This finding has been corrobo- 
rated by functional neuroimaging (17), which showed 
anomalous cerebrum laterally, and by MRI, which 
showed significant reduction in the total left temporal 
gray matter volume in KS adults (18). Despite typical 
histories of poor school advancement and work habits, 
many KS patients perform well on global IQ testing, 
with some scoring in the superior range. 

The reasons why extra X chromosomes produce 
this clinical spectrum of events are unknown, but it 
may be related to the overexpression of genes that are 
not susceptible to inactivation in the supernumerary X 
chromosomes. This possibility seems to be supported 
by the observation that cognitive-behavioral dysfunc- 
tions are increased as the number of X chromosomes 
increases, for example, XXXY (11). The typical hypogo- 
nadal manifestations in patients with KS respond 
favorably to testosterone replacement, while the cogni- 
tive dysfunction seems to be immutable, or, at best, 
variable in its response. Many parents of adolescents 
with KS claim improved attention span and behavior 
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after testosterone treatment, while others complain of 
worsening of these manifestations. (For further infor- 
mation on testosterone treatment, please refer to 
Chapter 29.) Several mouse models of XXY aneuploidy 
have been developed (19-21) that show reproductive 
and cognitive deficits. These models may allow more 
insight into the molecular basis of the various pheno- 
typic manifestations of KS. 


XX Males 


This chromosome disorder is much rarer than KS 
(1:10,000 births) (11). Patients with this karyotype con- 
stitution and a male phenotype usually have a Y to X 
translocation, with a portion of the Y chromosome 
present on one of the X chromosomes (22). They may 
have partial defects in external genitalia development 
(i.e., hypospadias, an abnormal opening at the urethra 
on the ventral shaft of the penis or perineum), are 
androgen deficient, have small testes, and are infertile. 
Unlike KS patients, they tend to have short stature, 
and taurodontism is not present. 

XX/XO individuals are a mixed variant of XX 
males with gonadal dysgenesis and a spectrum of 
hermaphroditic characteristics. They differ from XX 
males in that they have a higher incidence of dysge- 
netic testes and an increased susceptibility to testicular 
malignancy (20%). 

XYY syndrome is another sex chromosomal dis- 
order resulting from paternal meiotic nondisjunction 
or mitotic nondisjunction of the fertilized egg. These 
phenotypic men have decreased to low-normal testo- 
sterone levels, elevated gonadotropins, azoospermia 
with hyalinized seminiferous tubules, and increased 
height compared to the general male population, with 
a mean height of six feet four inches. The phenotypic 
similarities of XYY to XXY men are intriguing, perhaps 
suggesting overexpression of genes common to both 
the X and Y chromosomes. 


Myotonic Dystrophy 


This disorder presents later in life (after age 30), is often 
passed on from father to son, and is characterized by an 
inability to relax the striated muscles after recent 
contraction. It is associated with testicular atrophy, 
decreased fertility, and hypergonadotropic hypogonad- 
ism (23). Brain dysfunction of the frontal-temporal lobes 
may be present. The relationship of testicular dysfunc- 
tion to the causative mutation is unknown (23,24). 


Diabetes Mellitus and Obesity 


Both obesity and diabetes mellitus are risks factors for 
low testosterone levels (25-31). The degree of suppres- 
sion seems to correlate with the increase of blood sugar 
(hemoglobin A1C levels) and the severity of obesity. 


Mumps Orchitis, Leprosy, Hematochromatosis, 
and HIV Disease 


Following puberty, mumps will be associated with 
clinical orchitis in 25% of cases; 60% of men with 
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clinically induced mumps orchitis will become infer- 
tile (32). Spermatogenic changes occur more often and 
earlier than Leydig cell dysfunction. Thus, patients 
with infertility may have normal testosterone and LH 
values with increased serum FSH. With increasing 
time, elevations in LH and lowered serum testosterone 
levels may appear. 

Leprosy also produces orchitis (33), but with an 
apparent tendency to damage either the Leydig cells or 
spermatogenic tubules selectively, resulting in mono- 
tropic increases of LH or FSH (34). HIV infection is 
often associated with hypogonadism, which can be 
either hypogonadotropic or hypergonadotropic in 
classification. The pathogenesis of hypogonadism in 
this disorder is complicated since gonadal and hypoth- 
alamic infection with the HIV virus, infection by other 
organisms, stress, malnutrition, and malignancies may 
all coexist (35-37). 


Cryptorchidism 


Although the incidence of incomplete or undescended 
testes at birth is high (10%), most testes will descend to 
the appropriate scrotal location in early childhood. The 
incidence of bilateral undescended testes is 0.3% to 
0.4% following puberty (38). Undescended testes may 
occur in many congenital syndromes, resulting in HH 
(see below) (38,39). Bilateral cryptorchidism is associ- 
ated with infertility 70% of the time (40). This is believed 
to be the result of heat-induced damage to the germi- 
nal tissues due to the absence of the normal cooling 
effect of the scrotal site for the testes. Unilateral cryp- 
torchidism is associated with infertility to a lesser 
degree than bilateral cases. The reason(s) why unilat- 
eral cryptorchidism is associated with infertility is 
unclear; perhaps it reflects preexisting dysgenetic 
testes. Androgen deficiency (Leydig cell dysfunction) 
is less common but does occur (41). Cryptorchidism 
should be treated by bringing the testes into the 
scrotum in early childhood (before age five), thus 
decreasing the chances of permanent infertility and the 
testicular malignancies (8%) associated with abdomi- 
nal testes. 


Autoimmune Testicular Failure 


Antibodies against the microsomal fraction of the 
Leydig cells may occur either as an isolated disorder or 
as part of a multiglandular disorder involving, to vari- 
able degrees, the thyroid, pituitary, adrenals, pancreas, 
and other organs (42). 


Testicular Irradiation, Chemotherapy, 
and Toxins 


Irradiation of the testes due to accidental exposure in 
the treatment of associated malignant disease will pro- 
duce testicular damage. A dose as low as 15 rad will 
cause transient decreases in the sperm count; 50 rad 
exposure may cause azoospermia. After 500 rad, the 
infertility is usually irreversible. Doses above 800 rad 


can produce combined spermatogenic and Leydig cell 
failure characterized by low serum testosterone levels, 
oligozoospermia, and elevated serum LH and FSH 
(34). Chemotherapy for malignant disorders has a high 
association of irreversible germ-cell damage (24). (For 
further information on the effects of cancer treatment 
on fertility, see Chapter 20.) 

Toxins may also directly damage the testes. Many 
agents such as fungicides and insecticides (e.g., 1,2- 
dibromo-3-chloropropane), heavy metals (lead and 
cadmium), and cottonseed oil (gossypol) produce 
damage to the germ cells. Leydig cell function is 
relatively less susceptible to most chemotherapeutic 
drugs and toxins than the Sertoli germ cells, with 
serum testosterone levels usually normal despite infer- 
tility in the exposed men. Some medications interfere 
with testosterone biosynthesis (e.g., ketoconazole and 
spironolactone), thus producing Leydig cell underpro- 
duction of testosterone. (For further information on the 
impact of environmental factors on male fertility, see 
Chapter 21.) 

Trauma, torsion of the testes, and vascular 
injury may produce hypogonadism (see Chapter 13). 
Of interest is the observation that unilateral torsion 
may be associated with subsequent infertility. 
Trauma during scrotal surgery can result in vascular 
insults and panhypogonadism (Leydig cell and germ- 
cell abnormalities). 


Androgen End-Organ Failure 


Certain conditions have clinical phenotypes mimick- 
ing Leydig cell dysfunction (androgen deficiency) in 
the absence of lowered testosterone secretion and 
serum concentrations (43-46). These are usually con- 
genital due to decreased end-organ responsiveness to 
circulating testosterone. This category includes AR 
defects, postreceptor signal transduction defects, and 
5a-reductase deficiency. 


Androgens Receptor Defects 


Androgens normally induce their effects either directly 
on their target organs or after conversion to a 
5a-reduced metabolite, DHT. Both androgens bind to 
the C-terminal portion of an intranuclear AR (member 
of the steroid receptor family). Subsequently, andro- 
gen actions are generated by the transcription of spe- 
cific genes initiated by the binding of the DNA binding 
domain of the testosterone (or DHT) AR complex to 
the androgen response element of the target gene. 
A number of AR defects have been reported, producing 
aspectrum of clinical manifestations (described below), 
from “complete” forms (testicular feminization) to 
“incomplete” forms (Reifenstein’s syndrome) and to 
“minimal” forms (hypospadias) (47). 

In testicular feminization, there is essentially no 
binding of testosterone and DHT to a mutant AR (48). 
The patients are phenotypically female, with normal- 
appearing breasts and external genitalia but have blind 
vaginal pouches; the absence of the uterus results in 


amenorrhea. The testes are present in the labial canal or 
intra-abdominally. Serum testosterone levels are 
normal to elevated, and serum LH and FSH levels may 
be elevated due to the lack of normal feedback of testos- 
terone on the hypothalamic—pituitary axis. Breast 
development and female fat distribution reflects 
increased estradiol levels and unimpeded estrogen 
effects (49). The testes should be removed because of 
increased risk of malignancy, and estrogen replacement 
therapy will be needed, as these patients should be 
treated as though they were hypogonadal women (50). 

Reifenstein’s syndrome is a form of partial andro- 
gen resistance (47). The receptor defects appear to be 
heterogenous, with variable inheritance, including 
X-linked and autosomal recessive forms. Decreased 
receptor number, decreased receptor stability, and 
postreceptor response defects are responsible for the 
hypogonadal state and varying degrees of defective 
external genitalia differentiation (including bifid scro- 
tum and hypospadias) due to incomplete midline 
fusion of the urethra and labial folds. Gynecomastia 
frequently occurs at puberty when LH, testosterone, 
and estradiol levels rise. More subtle defects, limited to 
hypospadias and/or impaired spermatogenesis, have 
also been described. Despite their pseudohermaphro- 
ditism, these patients are phenotypically assigned to 
the male gender. Treatment of incomplete AR defi- 
ciency with testosterone has been only partially 
successful. 

AR polymorphisms involving differences in the 
length of CAG repeats (CAGn) is inversely associated 
with androgen action. There is a racial distribution 
with Asian men having longer CAGn and African- 
American men having shorter CAGn (51). Studies of 
phenotype (social and physical defects, genotype) 
and CAGn showed that XXY men (KS) with longer 
CAGn had more clinical manifestations of testos- 
terone deficiency and were less responsive to test- 
osterone therapy (52). 


5a-Reductase Deficiency 


5a-reductase deficiency is a fascinating disorder 
characterized by diminished levels of the enzyme 
responsible for conversions of testosterone to DHT 
(Fig. 2) (53). Since DHT is required in males for the 
normal development of the external genitalia, includ- 
ing growth of the phallus and prostate, these patients 
have severe pseudohermaphroditism at birth. Because 
the defect is incomplete, the patients undergo partial 
masculinization due to the high levels of testosterone 
secreted at puberty. At that time, muscle mass increases, 
body fat decreases, and phallic growth occurs, while 
the rudimentary prostate and severe hypospadias, 
small testes, and infertility persist (54). LH, FSH, and 
testosterone levels are normal in these patients, but the 
ratio of DHT to testosterone is decidedly low (55). 
Since the disorder is variable in severity and age at 
detection, management depends on the gender assign- 
ment given. Intra-abdominal testes are usually 
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Figure 2 T action is either direct as T or indirect after conversion 
to DHT by 5a-reductase or to E, by aromatase enzyme. In 
5a-reductase deficiency DHT levels are low. Abbreviations: DHT, 
dihydrotestosterone; E,, estradiol; T, testosterone. 


removed, and androgen or estrogen treatment will be 
given depending on the assigned gender management 
of the hypogonadal genetic male. 


Hypogonadotropic Hypogonadism 


HH is a deficiency in the secretion of gonadotropins 
(LH and FSH) due to an intrinsic or functional abnor- 
mality in the hypothalamus or pituitary gland. Such 
disorders result in secondary Leydig cell dysfunction. 
The clinical manifestations will depend on the age of 
onset. Since many patients with HH have a congenital 
deficiency in gonadotropin-releasing hormone (GnRH) 
secretion, the manifestations include a small phallus, 
failure to undergo secondary sexual development at 
the time of puberty, diminished sexual drive (libido), 
and decreased metabolic effects of testosterone 
(decreased muscle and bone mass). Acquired loss of 
gonadotropin secretion such as that occurring after 
trauma, pituitary tumors, and hypothalamic or pitui- 
tary inflammatory disease may present due to the local 
effects of the CNS disorder (i.e., visual field impair- 
ment, hypopituitarism, and headaches) or be clinically 
indistinguishable from primary gonadal failure. In the 
latter case, suspicion of a central defect (hypothalamic 
hypogonadism) comes from the laboratory pattern of 
low serum testosterone and low or inappropriately 
normal serum LH and FSH levels. The distinction 
between central and tubular causes of hypogonadism 
is important because secondary hypogonadism may 
imply a progressive and/or specifically treatable dis- 
order; the unintended effect of drugs that inhibit the 
hypothalamic-pituitary axis, such as tranquilizers, 
antidepressants and estrogens; systemic illness; and 
malnutrition, or anorexia nervosa. The infertility asso- 
ciated with HH may be treatable with gonadotropin or 
GnRH replacement therapy. (For further information 
on these treatments, see Chapter 29.) 

The site of the hypothalamic or pituitary lesion 
should be localized, if possible, by MRI. A serum pro- 
lactin must be measured to exclude the presence of 
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hyperprolactinemia. A single test dose of GnRH (usu- 
ally 100 ug intravenously) does not distinguish hypo- 
thalamic from pituitary disease. A GnRH test preceded 
by a period of “priming” the pituitary gonadotrophs 
with repeated low-dose stimulation has been used to 
diagnose hypothalamic disorders. With prior priming, 
the GnRH test can demonstrate that low or absent LH 
responses to a single dose of GnRH in hypothalamic 
disorders can be augmented to give normal LH levels, 
whereas priming has no effect in pituitary disorders 
(56). Difficulty also exists in separating delayed sexual 
maturation from incomplete HH, because basal LH 
and FSH levels may be similarly low in both circum- 
stances (57). GnRH testing may be of potential value 
but is limited by the smaller LH response in normal 
prepubertal children that can overlap with the response 
of patients with incomplete HH. Newborns with HH 
may be identified by measuring the testicular volume 
sequentially during the first three months of life. 
Normal children double the testicular volume during 
this period (58). 


Kallmann’s Syndrome and Idiopathic HH 


A syndrome characterized by delayed or arrested 
sexual development and anosmia was first described 
in 1944 (59). All the data available to date point to selec- 
tive gonadotropin deficiency resulting from an isolated 
defect in GnRH secretion in this disorder (60-62). Thus, 
the primary pathogenetic defect in these patients is 
hypothalamic, and the impaired gonadotropin secre- 
tion is secondary to the hypothalamic abnormality 
(62). The evidence of this disorder is approximately 1 
in 10,000 male births (63). Although anosmia and 
hyposmia are the first described and most well-known 
associations of this syndrome, a large number of other 
somatic abnormalities have been recorded (64). The 
more common associations include color blindness, 
cleft lip and palate, and cranial nerve defects (includ- 
ing eighth nerve deafness). Horseshoe-shaped kidneys, 
cryptorchidism, and optic atrophy have also been 
described. In the molecular pathogenesis of idiopathic 
HH (IHH), abnormalities of the gonadotropin-releas- 
ing hormone receptor (GnRH-R) and associated pro- 
teins have explained some of the defects. 

GnRH germ-like mutations with associated 
impaired GnRH binding and ligand-induced signal 
transduction have been identified (65). Schwanzel- 
Fukuda and Pfaff (66) have studied the migration of 
the GnRH neurons in the mouse embryo. These first 
appear in the epithelium of the olfactory placode in the 
mouse embryo and then migrate with the olfactory 
nerves to the forebrain and finally to their ultimate 
hypothalamic location. Such observations have led to 
speculation that IHH may be a developmental defect 
resulting from an abnormal migration of the luteiniz- 
ing hormone-releasing hormone or GnRH neurons. 
IHH associated with impaired olfactory function may 
be caused by mutations of the X chromosomal Kal 1 
gene (encoding anosmia) or the fibroblast growth 


factor (FGFR1), both leading to agenesis of olfactory ad 
GnRH secretory neurons (65). Further support for this 
hypothesis comes from MRI studies that show that 
olfactory bulbs and sulci are poorly developed in 
patients with IHH and anosmia/hyposmia (67). Recent 
studies have demonstrated that familial IHH patients 
are deficient in the KAL gene, which controls the pro- 
duction of an adhesion protein possibly responsible 
for the co-migration of the olfactory and GnRH 
neurons. 

IHH occurs both in sporadic (nonfamilial) and 
familial forms, although there are no differences in the 
clinical presentations of the two subgroups. Earlier 
studies had suggested that a positive family history is 
present in about 50% of patients (64,68). In over 120 
patients comprehensively studied by Crowley’s labo- 
ratory (62), however, the majority of cases were 
sporadic. Hundreds of cases with both an autosomal- 
dominant and autosomal-recessive mode of inheri- 
tance have been described (64,68). Overall, the data are 
most consistent with an autosomal-dominant inheri- 
tance with variable penetrance. 

There is significant heterogeneity in the clinical 
presentation of IHH (69). The phenotype, to a large 
degree, is determined by the severity of GnRH defi- 
ciency. Those with the most severe deficiency may 
present with complete absence of pubertal develop- 
ment and sexual infantilism. Male patients may have 
complete absence of secondary sex characteristics, 
infantile testes, and azoospermia, while female patients 
have primary amenorrhea. At least 10% of the patients 
have partial GnRH deficiency and varying degrees of 
delay in sexual development in proportion to the 
severity of gonadotropin deficiency (70). 

Two variants of IHH (fertile eunuch syndrome 
and isolated FSH deficiency) are particularly interest- 
ing. The term “fertile eunuch syndrome” has been used 
to describe patients with eunuchoidal proportions and 
delayed sexual development but with normal-sized 
testes (71,72). Such individuals appear to have suffi- 
cient gonadotropins to stimulate high intratesticular 
levels to initiate spermatogenesis but not enough tes- 
tosterone secretion into the blood to adequately viril- 
ize the peripheral tissues; they are, in fact, partially 
gonadotropin deficient. Another variant with predom- 
inantly FSH deficiency has also been described (73), 
although these patients are extremely rare. These men 
are normally androgenized but have decreased or 
absent sperm in their ejaculate without concomitant 
increases in FSH. 

The secretory profiles of LH and FSH in men and 
women with IHH are quite heterogenous in their LH 
secretory patterns (69). The largest subset comprises 
patients who display no pulsatile LH secretion at all. 
This apulsatile group probably represents one extreme 
characterized by perhaps the most severe GnRH defi- 
ciency. A smaller subset displays low-amplitude pulses. 
Another subset of patient has LH pulses at a markedly 
reduced frequency. A third subset is characterized by 
“sleep-entrained” pulses reminiscent of the pattern 


seen in early stages of puberty. This subset can thus be 
considered to suffer from a “developmental arrest.” 


Congenital Syndromes 
(Non-IHH and Kallmann’s) 


A number of congenital syndromes have hypogonado- 
tropic hypogonadism as part of the syndrome com- 
plex. Most of these syndromes are associated with 
neurologic damage and mental retardation (34,74). 
A few of these are described below. 


Prader-Willi Syndrome 


Prader-Willi syndrome (PWS) has been well described 
and is a syndrome consisting of obesity, hypotonic 
musculature, mental retardation, hypogonadism, short 
stature, and small hands and feet. Hypogonadism, 
cryptorchidism, and micropenis are common (75). 
Testicular histology shows that the testis is immature 
without germinal cells but with Sertoli cells and dimin- 
utive tubules (76). The degree of gonadotropin defi- 
ciency in these patients is variable (36). A few patients 
with hypergonadotropic hypogonadism have also 
been described. Pauli et al. recently described the 15q 
chromosome in a boy with PWS (77). Subsequent stud- 
ies have shown that chromosome-15 abnormalities are 
found in approximately 70% of the patients with PWS 
(78,79), and maternal disomy of 15 accounts for 25% of 
cases. The remaining cases result either from genomic 
imprinting defects (microdeletions or epimutations) of 
the imprinting center of the 15q11-q13 region or from 
chromosome 15 translocations. Clomiphene has been 
shown to “turn on” the pituitary-gonadal axis of indi- 
viduals of either sex with PWS to secrete gonadotro- 
pins and gonadal steroids. 


Other Congenital Causes of Secondary 
Leydig Cell Dysfunction 


Laurence—Moon-Bied1 (80,81), basal encephalocele, 
multiple lentigines (82), Rud (74), and cerebellar ataxia 
(83) are all complex syndromes associated with HH 
(Table 1). 


Acquired Hypogonadotropic Disorders and 
Functional Disorders 


Anorexia nervosa and weight loss are examples of 
functional defects resulting in low serum testosterone 
levels. Anorexia nervosa is predominantly a disorder 
of adolescent girls characterized by excessive weight 
loss as the result of voluntary dietary restriction (84,85). 
Occasionally, the disorder is seen in men but usually 
implies a more severe variant of the psychiatric disor- 
der (86,87). Both women and men may present with 
the manifestation of HH. Although all investigators 
agree that anorexia nervosa is associated with pro- 
found psychological dysfunction, the nature of the 
primary pathophysiologic abnormality remains con- 
troversial. The anorexic patient is usually born to older, 
middle- to upper-class Caucasian parents (88) in a 
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female-dominated family. Typical family values 
emphasize outward appearance, proper behavior, and 
achievement more than self-realization and close inter- 
personal relationships. Poor self-esteem and a sense of 
ineffectiveness are often described. The onset of illness 
around the time of puberty suggests that an inability to 
cope with developing sexuality and a widening social 
circle plays a role in the pathogenesis of this disorder. 

Starvation from other, nonpsychological causes 
may also reduce gonadotropin secretion (89). Females 
also seem to be more susceptible to this disorder 
(90,91). 

Strenuous exercise has minimal effects on testicu- 
lar function in men (92); this contrasts greatly with the 
well-known phenomenon of dysfunctional reproduc- 
tion in female long-distance runners and dancers 
(93-96). 

Severe stress and systemic illnesses will also 
lower gonadotropin and testosterone levels (97,98). 
Many severe systemic illnesses may result in hypogo- 
nadism (24). The pathogenic mechanisms include sup- 
pression of the hypothalamic-pituitary secretion of 
GnRH and LH. Chronic hepatic and renal disease, 
cancer, and HIV infection are commonly associated 
with low testosterone levels. Hepatic cirrhosis, sickle- 
cell disease, hemochromatosis (disorder of iron stor- 
age), and severe obesity are disorders in which a 
combined hypothalamic—pituitary and primary 
gonadal dysfunction may coexist (34). (For further 
information on the effects of systemic diseases on 
fertility, see Chapter 19.) 


Organic Hypothalamic—Pituitary Disorders 


Neoplastic and nonneoplastic lesions in the region of 
the hypothalamus and pituitary can directly or indi- 
rectly affect gonadotrope function. Lesions involving 
the hypothalamus may arise in the hypothalamus, 
suprasellar structures, or within the sella itself and 
extend upwards. 


Pituitary Tumors/Prolactinomas 


Prolactinomas present differently in men and women. 
In women, prolactinomas are common and usually 
small (microadenomas) when detected because of the 
symptoms of amenorrhea and galactorrhea. In men, 
however, these tumors are usually large, being greater 
than 1 cm in diameter (macroadenomas) at the time of 
detection. It is unclear whether the large tumor size in 
the male presentation is due to a late diagnosis caused 
by the failure of patients and physicians to appreciate 
the early signs of this disorder or if men experience 
more rapid growth of these tumors (99-101). The 
patients usually present with hypogonadism, erectile 
dysfunction, and manifestations of supersellar mass 
lesions (Table 2). Visual field cuts are common due to 
compression of the optic chiasm by the tumor. 
Hyperprolactinemia is present, with levels above 350 
ng/mL being highly diagnostic for a prolactin-secret- 
ing tumor. Serum testosterone levels are usually low, 
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Table 2 Presenting Symptoms in Men with Prolactinomas 


Symptoms Patients (%) 
Impotence 75 
Visual field d efects 37 
Hypopituitarism 35 
Headaches 19 
Galactorrhea 12 


Source: Adapted from Ref. 102. 


with low or inappropriately normal serum LH and 
FSH concentrations (see Fig. 1), and FSH levels are 
decreased either because of prolactin suppression of 
GnRH secretion (104) or because of pressure effects on 
the normal gonadotroph cells. A functional disorder is 
more common, as evidenced, in many cases, by LH 
responsiveness to administered GnRH and reversal of 
both the hypogonadotropic state and Leydig cell dys- 
function after the reduction of prolactin with dopamine 
agonists (102). Patients presenting with large tumors 
resulting in multiple pituitary hormone deficiencies 
are more likely to require testosterone or gonadotropin 
therapy to correct the low testosterone levels. Surgery 
is not often considered to be a treatment option for this 
problem. 


Nonprolactin-Secreting Tumors 


Tumors that secrete growth hormone (GH) present 
with excess GH levels (acromegaly). GH- and nonse- 
creting pituitary adenomas are usually large tumors 
(macroadenomas) with symptoms and signs due to 
mass effects and acquired HH. Adrenocorticotrophin 
(ACTH) secretory tumors are usually small, and abnor- 
malities of reproductive function may be associated 
with cortisol-induced dysfunction of the hypotha- 
lamic—pituitary axis. 

Glycopeptide secretory adenomas were not 
appreciated until recently because they tend to be inef- 
ficient secretors of hormonal products (TSH, LH, FSH, 
and their subunits) or because elevated gonadotropins 
tend not to produce recognizable clinical syndromes. 
Consequently, these types of adenomas tend to pres- 
ent late as large mass lesions, with visual and other 
neurologic manifestations. Gonadotroph adenomas 
often produce increased basal concentrations of FSH 
but rarely of LH (105). As with other large pituitary 
tumors, the mass effects can lead to compression of the 
normal gonadotrophs, decreased LH, and testosterone 
levels. Occasionally, an elevation of serum LH and 
Leydig cell dysfunction [lowered testosterone level(s)] 
may be seen; this is believed to be due to the secretion 
of a less bioactive form of LH or free o-subunit that is 
detected in the assay. Elevated LH levels and over- 
stimulation of the Leydig cells with increased testos- 
terone concentrations may also occur. In some cases, 
the diagnosis of a gonadotroph adenoma can be made 
by demonstrating paradoxical stimulation of FSH or 
the LH B-subunit by thyrotropin-releasing hormone 
(TRH) (106). 


O CLINICAL MANIFESTATIONS OF 
HYPOGONADISM 
Clinical History and Physical Examination 


For general information on the clinical history, physical 
examination, and laboratory tests involved in a male 
presenting with infertility, please refer to Chapter 23. 
Here we review those points specifically relevant to 
the diagnosis of hypogonadism. 

The evaluation of a patient with suspected hypo- 
gonadism begins with a detailed and complete history 
and a physical examination. The medical history 
should focus on pubertal development, testicular 
descent, loss of body hair, decrease in shaving fre- 
quency, and past and current chronic medical illnesses. 
In patients presenting with infertility, information 
should be obtained on previous mumps orchitis, sino- 
pulmonary complaints, sexually transmitted diseases, 
genitourinary tract infections, and previous surgical 
procedures such as vasectomy, orchiectomy, and sur- 
gery around the vas deferens. Social history should 
include tobacco and alcohol intake, exposure to toxic 
chemicals, hot baths and saunas, irradiation, anabolic 
steroids, cytotoxic chemotherapy, and drugs that may 
cause hyperprolactinemia. A detailed sexual history 
should be obtained, including questions on libido, fre- 
quency of intercourse, and erectile and ejaculatory 
functions. In addition, the fertility status of the female 
partner, and the type and extent of past investigations 
of the female partner and the patient himself should be 
ascertained. 

The physical examination includes a general 
medical examination. The clinical manifestation of 
androgen deficiency depends on the age of onset, with 
different clinical findings at different ages: 


m Early fetal life: ambiguous genitalia (testicular 
agenesis, androgen biosynthetic defects, or andro- 
gen resistance) 

m Late fetal development and in the neonate: 
micropenis 

m Adolescence: delayed pubertal development with 
eunuchoid features 

m Adulthood: loss of secondary sex characteristics, 
decreased sexual function, and infertility 


Height, extremity span, and the ratio of upper to 
lower body segments will determine if a patient is 
eunuchoidal. Androgen deficiency may lead to increased 
body fat and decreased muscle mass. Obesity itself will 
lead to lowered testosterone levels. Loss of pubic, axil- 
lary, and facial hair, decreased acne and oiliness of skin, 
and fine facial wrinkling are features suggestive of low 
androgen concentrations. Gynecomastia may be pres- 
ent when there is a decreased androgen-to-estrogen 
ratio. During the physical examination, the stage of 
development (Tanner’s classification) of the gonads and 
phallus is ascertained. Examination of the scrotum 
should include palpation of the vas deferens and 
epididymis and the identification of other scrotal 


Figure 3 Prader orchidometer for measuring of testicular size. 


abnormalities such as varicocele, hydrocele, and hernia. 
Testis size can be measured by either the Prader or 
Takihara orchidometers, which consist of a series of 
plastic ellipsoids with a volume from 1 to 30-35 mL 
(Fig. 3). A testis volume of less than 15 mL in an adult 
Caucasian man is regarded as small; testicular size may 
be slightly less in normal Asian populations. A decreased 
testis volume usually indicates a decreased mass of the 
seminiferous tubules since they account for 80% of the 
mass of normal-sized testes. Alternatively, testis size 
can be measured by calipers. The length of the testis in 
eugonadal men ranges between 3.6 and 5.5 cm and the 
width between 2.1 and 3.2 cm. 


Endocrine Tests for Hypogonadism 


The laboratory assessment of a patient with suspected 
hypogonadism includes measurements of the serum 
concentrations of FSH, LH, and testosterone. In most 
circumstances, this will be adequate to confirm whether 
the patient has androgen deficiency, and if so, whether 
the problem lies in the testes or in the hypothalamic- 
pituitary areas. In some patients, measurements of 
other testicular hormones and dynamic tests of the 
hypothalamic—pituitary—testicular axis may be required 
(Table 3) (103). 


Table 3 Endocrine Tests in Male Reproductive Disorders 


Basal hormones 
Testosterone, FSH, and LH 
Other hormones, binding proteins, and subunits 
Free or bioavailable testosterone 
Sex hormone binding globulin 
Dihydrotestosterone 
3a-androstanediol glucuronide 
Estradiol 
Prolactin 
a- and B-subunits of FSH and LH 
hCG 
Dynamic tests 
GnRH stimulation test 
Clomiphene stimulation test 
hCG stimulation test 
Thyrotropin-releasing hormone (TRH) test 


Abbreviations: FSH, follicle-stimulating hormone; hCG, human chorionic 
gonadotropin; LH, luteinizing hormone. 
Source: From Ref. 103. 
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Testosterone (Total and Free or Bioavailable) 


Testosterone concentrations are measured by radioim- 
munoassays (RIA), immunometric assays, or immuno- 
fluorometric assays (IFMA). Testosterone secretion has 
a circadian rhythm in man, with higher levels in the 
morning than evening. Since the normal ranges are 
based on morning values, blood samples for testoster- 
one measurements should be drawn between 7 A.M. 
and 10 A.M. Automated assays for testosterone are 
frequently utilized by clinical laboratories. In general, 
these assays have variable and often poor levels of 
accuracy in the female and severely hypogonadal 
ranges (107). Liquid chromatography and tandem 
mass spectroscopy are part of the emerging technol- 
ogy for the most precise and accurate testosterone 
measurements (107). In most instances, measurement 
of total plasma testosterone will identify patients with 
androgen deficiency; however, since testosterone is 
bound to SHBG in the plasma, changes in SHBG con- 
centrations will lead to changes in total testosterone 
concentrations. Increases in SHBG occur with hyperes- 
trogenemia and hyperthyroidism, phenytoin treat- 
ment, aging, anorexia nervosa, and prolonged stress. 
Decreases in SHBG are present with androgen treat- 
ment, GH excess, obesity, and hypothyroidism. SHBG- 
binding capacity in the plasma can be assessed by 
testing the binding of labeled androgens to SHBG after 
separation from other proteins (i.e., ligand displace- 
ment assays) or by RIA. In disorders with abnormal 
SHBG concentrations, the measurement of total testos- 
terone may be misleading. For example, a patient with 
gross obesity may have low total testosterone concen- 
trations, reflecting the low SHBG concentrations asso- 
ciated with obesity. To separate true hypogonadism 
from binding protein defects, it may be necessary to 
determine the free or bioavailable testosterone concen- 
trations. Free testosterone concentrations are usually 
measured after equilibrium dialysis of a serum sample. 
About 3% of testosterone in blood is free, with the rest 
bound to SHBG (30%) or to albumin and other proteins 
(67%). The non-SHBG bound testosterone (i.e., free 
and albumin bound) is the bioavailable portion of 
circulating testosterone. Bioavailable testosterone can 
be estimated in the serum by RIA after removal of 
SHBG by ammonium sulfate or Concanavalin 
A-Sepharose. Salivary testosterone can also be used 
as an indicator of free testosterone since SHBG and 
other proteins are present in very low concentrations 
in the saliva. 


Other Androgen Metabolites 


The measurement of plasma DHT is generally not 
useful in the evaluation of testicular disorders other 
than 5a-reductase deficiency. In this disorder, usually 
presenting with ambiguous genitalia in infancy and 
varying degrees of virilization at puberty, measure- 
ment of serum DHT and testosterone will show an 
abnormally high testosterone-to-DHT ratio especially 
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HYPOTHALAMIC-PITUITARY-GONADAL AXIS 
IN THE MALE 
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Figure 4 Hypothalamic-pituitary gonadal axis in men (see also 
Fig. 5). Abbreviations: DA, dopamine; E, estrogen; FSH, follicle- 
stimulating hormone; GnRH, gonadotropin-releasing hormone; LH, 
luteinizing hormone; NE, norepinephrine; T, testosterone. 


after the administration of human chorionic gonado- 
tropins (hCGs). 

Estradiol measurements are usually not neces- 
sary in the assessment of male reproductive disorders. 
Estradiol concentrations are elevated in patients with 
androgen resistance, estrogen-secreting neoplasms, 
KS, and hypogonadism associated with chronic liver 
disease and some cases of gynecomastia. 


LH and FSH 


Measurements of plasma LH and FSH are important in 
classifying the anatomical level of the defect in hypo- 
gonadal patients (discussed further in Chapters 3 
and 4) (Figs. 1, 4, and 5). Since both gonadotropins are 


secreted in a pulsatile pattern, the collection of three 
samples, 15 to 20 minutes apart, may give more accu- 
rate assessment of the mean LH and FSH concentra- 
tions. Primary gonadal defects are characterized by 
low testosterone and high LH and FSH concentrations, 
whereas hypothalamic or pituitary disorders have low 
testosterone, LH, and FSH concentrations. The tradi- 
tional RIA methods can distinguish clearly high FSH 
and LH (hypergonadotropic states) from normal con- 
centrations but cannot clearly demarcate between 
normal and subnormal concentrations (i.e., hypogo- 
nadotropic states). The recently developed IFMA pro- 
vide increased assay sensitivity from 0.5 to 0.05 IU/L 
for both gonadotropins (108). These new, sensitive 
gonadotropin assays allow the clinician to distinguish 
the low gonadotropin concentrations commonly 
observed in HH, delayed puberty, and after GnRH 
analog treatment (109). Bioassays of both LH and FSH 
are also available but generally do not add more infor- 
mation to the sensitive immunoassays. In the rare 
patient with genetic mutations of the B-LH gene, how- 
ever, determination of LH by bioassay will show low 
bioactive LH concentrations in the presence of elevated 
immunoreactive LH concentrations (110). Rare patients 
with infertility have biologically inactive but immuno- 
reactive FSH. 


Other Pituitary Hormones 


Plasma prolactin concentrations should be measured 
in patients with low testosterone and normal-to-low 
FSH and LH concentrations to exclude hyperprolac- 
tinemia. Measurements of the a- and B-subunits of the 
gonadotropins may be useful in patients with pituitary 
tumors, with or without hypogonadism. Many 
pituitary tumors previously thought to be nonfunc- 
tioning secrete large amounts of a and f-subunits of 
LH and FSH (111). Moreover, plasma concentrations 
of œ- and Psubunits of the gonadotropins rise in 
response to TRH administration. In patients with 


Figure 5 Detailed description of the regulation of gonadotropin-releasing hormone secretion by hypothalamic neurotransmitters. Solid arrows 
represent stimulatory effects; dashed arrows represent inhibitary effect. Abbreviation: GABA, gamma aminobutyric acid. 


germinomas, teratomas, and chorioepitheliomas, ß- 
hCG subunits may also be secreted and can serve as a 
tumor marker. Since B-hCG cross-reacts with most 
conventional LH RIA, an elevated LH in a child with a 
germinoma may be due to cross-reaction from B-hCG 
in the assay system. B-hCG is usually not detected by 
the more specific two-site LH immunoassays. 


Dynamic Tests of the 
Hypothalamic—Pituitary—Testicular Axis 


Before the development of sensitive assays for the 
gonadotropins, dynamic tests to evaluate the hypotha- 
lamic—pituitary axis were developed. With the use of 
the more sensitive assays, these dynamic tests are 
reserved for occasional and unusual diagnostic 
problems. 

Administration of the antiestrogen, clomiphene 
citrate (100 mg for seven days) causes a rise in plasma 
LH, FSH, and testosterone concentrations. Clomiphene 
citrate blocks the negative feedback of estrogens and 
may have a direct stimulatory action on the gonadotro- 
pins. This test has limited practical value in the clinical 
assessment of male reproductive disorders, however, 
and does not add information to the measurement of 
the basal concentrations of gonadotropins and 
testosterone. 

The availability of GnRH gave rise to the hope 
that the GnRH test (administered as a 100 ug bolus to 
adults or 50 g/m? to children) would allow hypotha- 
lamic disorders to be distinguished from pituitary dis- 
orders; however, the gonadotropin response to a single 
dose of GnRH is frequently suppressed in patients 
with hypothalamic disorders. Priming the gonado- 
trophs with repeated low dose GnRH administration 
for a week followed by a bolus GnRH injection has 
been shown to enhance the gonadotropin responsive- 
ness in patients with hypothalamic disorders but not 
in those with pituitary disorders. In general, informa- 
tion obtained from GnRH tests does not help in the 
diagnosis of testicular disorders. It is sometimes used 
in patients with central precocious puberty in whom 
an exaggerated LH to FSH response is characteristic. 
Leydig cell function can be stimulated by a single injec- 
tion of hCG (2000-5000 IU), resulting in peak increases 
in plasma testosterone concentrations after 72 to 96 
hours. The hCG test is useful in infants or children 
with cryptorchidism. A rise in testosterone in response 
to hCG indicates the presence of the testes and excludes 
anorchia. In patients with hypogonadism, elevated LH 
and low testosterone concentrations and the absence of 
a testosterone response to hCG suggest resistance to 
LH associated with Leydig cell hypoplasia or agenesis. 
A positive response to hCG indicates an abnormality 
of the endogenously secreted LH molecule. Bioassays 
of LH followed by molecular biology techniques to 
identify mutations of the LH gene may pinpoint the 
exact abnormality. 

Multiple and frequent samplings for LH and FSH 
concentrations have been used to delineate the defect 
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in GnRH secretion in patients with IHH (112) and aged 
men (113,114). Disorders of LH pulsatility, including 
absence of pulse, sleep-entrained pulses, and decreased 
frequency of amplitude of pulses have been defined. 
Sleep-entrained pulsatile secretion of LH is a hallmark 
of the onset of puberty and can be used to distinguish 
patients with early puberty from those with HH. 
Multiple blood samples, however, have to be taken at 
10-minute intervals for a minimum of eight total hours 
to yield meaningful analyses of the pulsatile secretion 
of the gonadotropins. Because of the frequency and 
intensity of sampling, these investigative procedures 
are used mainly in clinical research studies. 


Endocrine Tests in the Evaluation of 
Ambiguous Genitalia 


In a neonate presenting with ambiguous genitalia, the 
chromosomal sex should be determined. In this sec- 
tion, the endocrine tests relevant to male pseudoher- 
maphroditism (46,XY males with testis and with 
abnormal external and/or internal genitalia) are briefly 
discussed. 

Phenotypically male patients with 46,XX may 
appear as normal males with varying degrees of 
hypogonadism and pseudohermaphroditism and can 
be true hermaphrodites. These sex-reversed patients 
have a portion of the Y chromosome (i.e., SRY gene) 
located on the X chromosome (115,116). The common 
causes and key laboratory tests of male pseudoher- 
maphroditism are listed in Table 4 (103). For the diag- 
nosis of the rare defect in infants with 3B-hydroxy 
steroid dehydrogenase/17a-hydroxylase, 17,20 lyase 
deficiency, plasma measurements of the C21 steroid 
precursors such as dihydrogen androsterone, 17a- 
hydroxyprogesterone, and 17a-hydroxy pregnenolone 
before and after ACTH or hCG stimulation will con- 
firm the diagnosis. Plasma C19 steroids (testosterone 
and androstenedione) will be low. XY patients with 
17B-hydroxysteroid oxireductase deficiency usually 
have female or mildly virilized external genitalia at 
birth and present with some degree of virilization at 
puberty. Since the defect lies in the conversions of 
androstenedione to testosterone and estrone to estra- 
diol, the diagnosis is confirmed by finding low ratios 
of plasma testosterone to plasma androstenedione and 
estradiol to estrone, both at baseline and after hCG 
stimulation of Leydig cells. 

The laboratory diagnosis of androgen resistance 
syndrome is made by measuring AR binding and func- 
tion in genital fibroblast cultures. In patients with this 
disorder, AR binding may be low, undetectable, or 
unstable. Other variations in these disorders include 
abnormal ARs and postreceptor abnormalities. Using 
molecular biology techniques, single point mutations, 
multiple mutations, deletion, or premature stop codon 
defects have been identified to cause absent, quantita- 
tively, or qualitatively abnormal ARs (117,118). 

5a-reductase deficiency can be diagnosed by the 
measurement of the ratio of testosterone to DHT in 
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Table 4 Laboratory Tests for the Diagnosis of Male Pseudohermaphroditism 


Cause 


Tests 


Testosterone biosynthesis defects 
P450 SCC: cholesterol side chain cleavage 


3B-Hydroxysteroid dehydrogenase 


P450 c17/17a-hydroxylase/17,20-lyase 


17B-Hydroxysteroid oxidoreductase 


4 Basal and ACTH stimulated and mineralocorticoids 
Testosterone 

FSH 

LH 


aac 


and dehydroepiandrosterone sulphate 


Testosterone 

FSH 

LH 
Deoxycorticosterone 
Corticosterone 
Progesterone 

Renin 


4 Testosterone 

Estradiol 

Basal and hCG-stimulated androstenedione and estrone 
FSH 

LH 


Androgen resistance syndromes 


LH 
Testosterone 
Estradiol 
Normal or T FSH 


Skin fibroblasts for androgen receptors: low or undetectable, unstable, abnormal 


receptor; abnormal androgen receptor gene 


Defects in testosterone metabolism 
5a-Reductase deficiency 


Leydig cell hypoplasia or aplasia 


T Basal and hCG-stimulated testosterone to dihydrotestosterone ratio 
J Skin fibroblasts conversion of testosterone to dihydrotestosterone 


J Testosterone 


Basal and ACTH stimulated 17a-pregnenolone, dehydroepiandrosterone, 


Basal, ACTH and hCG stimulated 17a-pregnenolone and 17o-progesterone 


Absent testosterone response to hCG 


Dysgenetic male pseudohermaphroditism 
Gonadal dysgenesis, incomplete gonadal 
dysgenesis 


Vanishing testes (congenital anorchia) T FSH 
T LH 


Chromosomal analysis 


J Mullerian inhibiting factor 
Absent testosterone response to hCG 


Abbreviations: ACTH, adrenocorticotrophin; FSH, follicle-stimulating hormone; hCG, human chorionic gonadotropins; LH, luteinizing hormone. 


Source: From Ref. 103. 


plasma before and after hCG stimulation. Patients with 
this metabolic defect of testosterone cannot convert 
testosterone to DHT, thus resulting in high testoster- 
one-to-DHT ratios (Fig. 1). 

In Leydig cell hypoplasia or aplasia, the Leydig 
cells are resistant to LH and hCG (119). The plasma 
testosterone concentrations are low and do not respond 
to exogenously administered hCG; the testes are small 
and atrophic, and testicular biopsy shows hypoplasia 
or absence of Leydig cells. In the vanishing testes syn- 
drome, endocrine tests yield the same findings as in 
Leydig cell hypoplasia. Imaging by ultrasound, com- 
puted tomography scan, or magnetic resonance, how- 
ever, fails to demonstrate the presence of testes. 


Recently, assays of mullerian-inhibiting substance 
have been introduced, and these levels have been 
found to be very low or undetectable in patients with 
anorchia. In testicular hypoplasia and genital anorchia, 
varying differentiation and development of the 
Mullerian and Wolffian duct structures and external 
genitalia are present, depending on the date of onset of 
the testicular regression. 

The diagnosis of patients with mixed gonadal 
dysgenesis [45, X0/46 XY; 45, X0/47, XXY; 46, XYpi 
(partial loss of short arm of Y chromosome) and vari- 
ants] depends on detailed chromosomal studies. The 
diagnosis of the persistence of Mullerian duct struc- 
tures is typically made when a uterus or Fallopian 


tubes are found incidentally during laparotomy or sur- 
gery for the correction of a hernia in a phenotypic male 
who may also have a cryptorchid testis. The use of ure- 
thrograms or sonograms can help to visualize internal 
genitalia but are generally more useful in female 
pseudohermaphroditism presenting as ambiguous 
genitalia. 


Semen Tests 


Testicular dysfunction is usually associated with 
impaired spermatogenesis, whether the primary 
defect is hypothalamic, pituitary, Leydig cell, Sertoli 
cell, or germ cell in origin. Such men often present to 
the physician with the complaint of infertility. The 
basic investigation of a male patient presenting with 
infertility is a semen analysis (Table 5) (see Chapters 
23 and 24). Sperm antibodies and semen biochemistry 
are included in the basic tests but should be performed 
only when indicated. In general, the determination of 
semen volume, sperm count, motility, and morphol- 
ogy would be sufficient for the investigation of a 
patient with severe oligozoospermia (fewer than 5 
million spermatozoa per mL semen) or asthenozoo- 
spermia (fewer than 10% motile) or teratozoospermia 
(fewer than 10% normal). In patients with normal or 
moderate impairment of semen parameters, further 
evaluation with specialized tests may be helpful to 
delineate specific defects of sperm function. Some of 
these tests may help to predict the success of assisted 
reproductive technologies such as in vitro fertiliza- 
tion. It is now known that approximately 20% of men 
with azoospermia or severe oligospermia harbor 
microdeletions in the long arm of the Y chromosome, 
most frequently in the AZF region (120,121). 


Routine Semen Analysis 


Because of the marked inherent variability of semen 
parameters, at least two semen analyses at one- to two- 
week intervals should be assessed in the laboratory. The 
semen sample should be collected by masturbation. The 
procedures and methods for routine semen analyses 
should follow the World Health Organization Laboratory 
Manual for Human Semen and Sperm Cervical Mucus 
Interaction (122). Using such standardized methods 


Table 5 Laboratory Tests on Semen 


Basic 
Semen volume 
Sperm count, motility, morphology 
Sperm antibodies 
Semen biochemistry 
Specialized 
Sperm cervical mucus interaction tests 
Sperm motion analysis, assessment of hyperactivated motility 
Sperm acrosomal reactivity 
Zona-free hamster oocyte sperm penetration test 
Zona pellucida-binding tests (in vitro fertilization) 
Sperm biochemistry 


Source: From Ref. 103. 
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allows comparison from laboratory to laboratory and 
quality control within the laboratory. If a sample shows 
no spermatozoa, it should be centrifuged and the pellet 
reexamined for the presence of spermatozoa before the 
diagnosis of azoospermia is given. The semen volume is 
usually between 2 mL and 5 mL. A low semen volume 
together with an acidic pH and azoospermia suggests 
genital tract obstruction caused by congenital bilateral 
absence of the vas deferens and seminal vesicles. The 
sperm count is assessed visually under a phase micro- 
scope with a white cell-counting chamber. Sperm motil- 
ity is assessed visually and graded according to whether 
the spermatozoa has rapid progression, slow progres- 
sion, no progression, or is nonmotile. A normal semen 
sample should have a sperm concentration of more than 
20 million/mL or total sperm count of more than 40 mil- 
lion and 50% or more spermatozoa with progressive 
motility (122). A moderate decrease in sperm concentra- 
tion to between 10 and 20 million/mL is compatible 
with fertility, provided sperm motility and morphology 
are normal. Although doubts have been raised about the 
value of routine semen analysis to distinguish between 
fertile and infertile men, studies have shown that con- 
centration and morphology are variables capable of pre- 
dicting fertility status especially in men with grossly 
abnormal semen parameters (123). In patients with 
unexplained infertility in whom routine semen analysis 
is normal, specialized tests of sperm function should be 
considered (124). 

Until recently, sperm morphology has been clas- 
sified using lenient criteria, with the lower limit for 
normal morphology being set at 50%. More recently, 
studies have indicated that by using more strict criteria, 
taking into consideration not only the shape of the 
spermatozoa but also the morphometric measurements 
(length, width, and length-to-width ratio) and the area 
occupied by the acrosome, sperm morphology was 
highly predictive of results of in vitro fertilization 
(125). Moreover, a multiple anomalies index wherein 
all abnormalities present in spermatozoa were scored 
(including midpiece and tail defects) showed a correla- 
tion with in vivo fertility (126). These studies suggest 
that stricter criteria with the inclusion of midpiece and 
tail morphology assessments may be more helpful for 
the diagnosis of male infertility (122). 

The significance of the occurrence of leukocytes 
in semen is not clear and no direct relationship has 
been documented between the presence of leukocytes 
and genital infections. Semen cultures are usually per- 
formed if significant numbers of leukocytes (more than 
1 million/mL) are present in the semen. 

Sperm vitality can be assessed by supravital 
stains such as eosin-nigrosin (122). Measurement of 
sperm vitality should be performed in patients with 
very low sperm motility. This will help to identify 
whether the nonmotile spermatozoa are living. The 
hypo-osmotic swelling test (127) assesses the fluidity 
of the plasma membrane. Although not useful as a test 
of sperm fertilizing capacity, this test can assess sperm 
vitality (122). 
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Specialized Tests of Sperm Function 


Specialized tests of sperm function are of great value in 
assessing patients with unexplained infertility (103). 
Assessment of sperm motion characteristics, sperm vital- 
ity, sperm autoantibodies, and sperm-cervical menses 
interaction, and human zona pellucida binding tests, 
zona-free hamster oocyte penetration tests, and the acro- 
some reaction tests are part of the highly specialized 
assessment of difficult cases of male factor infertility. 


O CONCLUSION 


Hypogonadism may consist of testosterone deficiency, 
testosterone resistance, or impaired spermatogenesis. 
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O CRYPTORCHIDISM 
Incidence 


In 1950, Scorer followed 1499 male newborns and 
reported an overall incidence of undescended testis 
(cryptorchidism) in 2.7% at birth and 0.8% at three 
months of age (1). Subsequent reports (2) have demon- 
strated an increasing number of cases—5.9% at birth 
and 1.6% at three months of age. An increased rate of 
up to 9% was reported in premature and low birth 
weight neonates. The incidence of cryptorchidism also 
increases in neural tube defect disorders, myelomenin- 
gocele, omphalocele, anencephaly, abnormalities of 
testosterone biosynthesis defects, 5-c-reductase defi- 
ciency, peripheral androgen-receptor abnormalities, 
and in disorders of gonadotropin deficiencies such as 
Kallmann’s syndrome, Prader-Willi syndrome, and 
Lawrence-Moon-Biedl syndrome. Genetic predisposi- 
tion seems to play a role in cryptorchidism, with simi- 
lar manifestations noted in 1% to 4% of siblings and 6% 
of fathers with cryptorchidism (3). There also appears 
to be an increased incidence of intersexuality (ambigu- 
ous genitalia) in children with cryptorchidism and 
hypospadias. An intersexual individual is one who is 
born with genitalia and/or secondary sex characteris- 
tics determined as neither exclusively male nor female, 
or who exhibits combined features of the male and 
female sexes. The incidence of intersexuality increases 
with the severity of cryptorchidism and the degree of 
hypospadias (4). 


Embryology 


The fetal gonad is indeterminate until six to eight 
weeks of gestation. In the presence of the SRY gene, on 
the short arm of the Y chromosome, and as a result of 
the developmentally regulated program of gene 
expression, the undifferentiated gonad develops into a 
testis. During this period, the Sertoli cells release a 
mullerian-inhibiting substance (MIS), which causes 
the regression of the mullerian structures. Testosterone 


is produced in as early as the eighth week of gestation. 
Under the influence of testosterone, the Wolffian 
system develops into the epididymis, seminal vesicles, 
and vas deferens. The external genitalia develop at 10 
to 15 weeks of gestation by the peripheral conversion 
of testosterone to dihydrotestosterone by the enzyme 
5-a-reductase. During the same period (approximately 
11 to 12 weeks), the processus vaginalis is located at 
the level of the internal inguinal ring. At this stage, the 
most distal aspect of the processus vaginalis is abutted 
by the gelatinous material destined to be the gubernac- 
ulum. (For further information on the embryology of 
the male gonads, see Chapter 2.) 

The descent of the testis takes place in two differ- 
ent stages. The first stage is called the “transabdominal 
descent,” in which the testis moves from the urogenital 
ridge to the level of the internal inguinal ring. The 
transabdominal migration is thought to be the result of 
differential somatic growth of the developing fetus (5). 
By the 17th week of gestation, the testis is located at the 
internal inguinal ring (6). Studies suggest that transab- 
dominal descent is androgen independent (7). 

The testis remains at the internal inguinal ring 
until the 20th week of gestation, when it begins the 
descent into the scrotum. The second stage of descent is 
called the “inguinal scrotal stage,” and is normally 
complete by 40 weeks of gestation. The second stage is 
believed to be secondary to gubernacular regression 
(8). Hormonal factors may also be involved. Research 
suggests the involvement of a low-molecular-weight 
fraction of the fetal testicular extract called descendin, 
which is a stimulatory to the gubernacular cells (8). 
Testosterone may also have a role in the initiation of 
gubernacular regression (8). Other studies have sug- 
gested that MIS may have a role as a promoter of testic- 
ular descent (7). Several studies have also implicated a 
role for estrogen in testicular descent. Estrogens act by 
increasing the resistance of the mullerian duct to MIS 
(9,10). Additionally, estrogens may induce atrophy of 
the gubernacular tissue. Indirect evidence suggests that 
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MIS initiates descent by stimulating the growth and 
shortening of the gubernaculum (7). Nevertheless, 
these studies have failed to show that MIS directly con- 
trols any phase of testicular descent. 

Transection of the genital femoral nerve prevents 
the inguinal scrotal stage of testicular descent in exper- 
imental animal models (7). The genital femoral nerve 
courses down the psoas muscle, through the inguinal 
canal to the scrotum, and then ascends to meet the 
gubernaculum. After transection of the genitofemoral 
nerve, the gubernaculum is insensitive to hormonal 
control. The gubernaculum is thought to be androgen 
sensitive, despite an inability to demonstrate androgen 
receptors on the gubernaculum (11). Hutson and 
Beasley believe that the receptors for the androgens are 
located in the central nervous system (CNS), and that 
the genitofemoral nerve acts as a mediator of testoster- 
one on the gubernaculum, enabling testicular descent 
(7). In support of this hypothesis, it has been shown 
that disorders of the CNS affecting the genitofemoral 
nerve would result in cryptorchidism. Meningomyelo- 
cele causes segmental paralysis of the spinal nerves, 
and is associated with a higher incidence of cryptorchi- 
dism. The genitofemoral nerve spinal nucleus is located 
in the first and second lumbar segments. 

Other proposed theories for testicular descent 
involve changes in intra-abdominal pressure (12). 
Because the mechanism of normal testicular descent 
has not been fully elucidated, the exact causes of crypt- 
orchidism are still unknown. 


Endocrine Aspect 


Cryptorchidism was previously thought to be a disor- 
der of primarily mechanical or anatomic origin. A hor- 
monal cause or mechanism, however, has long been 
suspected. Many clinical syndromes are characterized 
by deficiencies in gonadal hormone synthesis, andro- 
gen-receptor defects, or deficiencies in gonadotropin 
production, and such conditions can be associated with 
cryptorchidism (Kallmann’s syndrome, encephalia, and 
penoscrotal hypospadias due to deficiency of 5-a- 
reductase) (11,13). Many studies cite an abnormality in 
the pituitary-gonadal axis under both static and stimu- 
lated conditions (14). Maternal antibodies also have 
beenimplicated (15). In support of the pituitary-gonadal 
axis abnormality, Job et al. reported that cryptorchid 
infants demonstrate decreased mean levels of testoster- 
one and luteinizing hormone (LH) between 30 and 
120 days of age (16). They also found a 50% incidence 
of antigonadotropic autoantibodies in cryptorchid chil- 
dren, as measured by immunofluorescent techniques, 
suggesting that a partial gonadotropin deficiency in 
the pituitary may hamper testicular descent. This 
group also showed a diminished LH peak after stimu- 
lation with luteinizing hormone-releasing hormone 
(LHRH), also known as gonadotropin-releasing hor- 
mone (GnRH), in cryptorchid versus normal infants. 
Other studies, however, have shown normal hor- 
monal conditions in all of these areas. Walsh et al. were 


unable to demonstrate any difference in basal plasma 
testosterone levels between normal and cryptorchid 
children (17). Cacciari et al. found no difference in 
pituitary LH and follicle-stimulating hormone (FSH) 
secretion in normal and cryptorchid boys after stimu- 
lating the hypothalamic pituitary axis with growth 
hormone-releasing hormone (18). Thus, the inconclu- 
sive studies presented suggest that current knowledge 
of the hormonal regulation of testicular descent 
remains limited. 


Investigations 


No standard classification exists for describing the 
cryptorchid testis. The best method is to describe the 
location of the testis on physical examination. The child 
should be placed on the examination table in a warm 
room with abdomen and genitalia exposed. Visual 
inspection of the abdomen and scrotum is performed 
first. The ipsilateral hemiscrotum is often underdevel- 
oped in the cryptorchid patient. Frequently, a retractile 
testis is visible in the hemiscrotum, and this could 
become cryptorchid. A testicle is considered retractile 
if it is located high in the scrotum or up near the groin. 
An abdominal examination is performed, and then 
gentle pressure is placed just medial to the iliac crest 
(level of the internal inguinal ring). The examining 
hand is gently advanced down the inguinal crease as 
the other hand palpates the ipsilateral hemiscrotum. 
The ipsilateral hemiscrotum is gently inverted to meet 
the advancing upper hand. The testis is often corralled 
in this fashion. An attempt is made to bring the testis 
down into the most dependent portion of the hemis- 
crotum. Care should be taken not to mistake a low 
cryptorchid testis for a fully descended testis; the scro- 
tal tissue should be brought up around the testis. If the 
testis is not located, the child should be placed in 
the Tailor’s position (seated with legs crossed) and the 
scrotum reexamined. This maneuver usually abolishes 
the cremasteric reflex. A hot compress applied to the 
inguinal region may also relax the cremasteric muscle. 
The cremasteric muscle reflex, which pulls up the scro- 
tum and testis on the side that is lightly stroked on the 
superior and medial part of the thigh, is not reliably 
present until 30 months of age; therefore, the neonatal 
period is the ideal time to examine the genitalia (19). If 
one is not afforded this opportunity, then records of the 
neonatal examination should be reviewed. This may 
clarify the diagnosis if retractile testes are suspected. If 
the newborn examination report documents a fully 
descended testis that subsequently became cryptor- 
chid, then this most certainly is a retractile testis. 

There is a clinical entity called testicular ascent; 
however, controversy surrounds its cause. This may 
represent ascent of a previously descended testicle or 
an unrecognized retractile testis (20). 

The position of the testis should be described as 
either palpable or nonpalpable. If palpable, its location 
on examination should be described: internal inguinal 
ring, external inguinal ring, scrotal inlet, or ectopic 


Chapter 13: Cryptorchidism, Testicular Torsion, and Torsion of the Testicular Appendages 163 


/ntracanalicular 


External Ring 


Figure 1 Location of undescended testis. Location of the testes 
along the normal course of descent: intra-abdominal and intracanal- 
icular. Location of the ectopic positions outside the normal course of 
descent: suprapubic, femoral, perineal, and contralateral scrotum. 


(Fig. 1). Ectopic locations are outside the normal course 
of descent. Ectopic positions may include the perineal, 
femoral, or penile location. 

In patients with bilateral nonpalpable testes, a 
human chorionic gonadotropin (hCG) stimulation test 
should be performed to determine the presence of tes- 
ticular tissue. If there is no corresponding rise of testos- 
terone to hCG, and the basal level of the FSH is high, 
testicular absence can be diagnosed, and surgical 
exploration may not be necessary (21). Some authors 
have also proposed that hCG is preoperatively effica- 
cious in causing the nonpalpable, undescended testis 
to become palpable in 39% of patients (22). 

MIS is produced by the prepubertal testis, and it 
is responsible for the regression of the mullerian struc- 
tures in males, which is necessary for normal sexual 
development. In children with virilization and impal- 
pable gonads, only those children with testicular tissue 
should have detectable serum concentrations of MIS. 
MIS was studied in 65 children with nonpalpable 
testes. The sensitivity and specificity of the MIS assay 
for detecting the absence of testicular tissue were 92% 
and 98%, respectively, compared with 69% and 83% 
for the measurement of testosterone after the admini- 
stration of hCG or during the normal physiologic 
increase of testosterone in male infants (23). 
Additionally, MIS assays may be able to discern chil- 
dren with abnormal and normal testes based on the 
serum concentrations of MIS. MIS can further be used 
to determine testicular status in children with nonpal- 
pable testes, thereby differentiating bilateral cryptor- 
chidism from anorchia. 

Ultrasonography and magnetic resonance imag- 
ing (MRI) may demonstrate the position of the 


nonpalpable testis; however, nonvisualization by these 
techniques does not exclude the presence of testicu- 
lar tissue. Therefore, if the testis is nonpalpable on 
examination, the authors do not recommend that any 
imaging techniques be pursued. 


Hormonal Treatment 


Hormonal treatment for cryptorchidism dates back to 
the 1930s, when Ascheim and Zondek observed stimu- 
lation of the sex glands by urinary substances from 
pregnant women (24). During the same period, others 
demonstrated genital growth and stimulation with ant- 
erior pituitary extract (25,26). In 1937, Thompson et al. 
reviewed the treatment of undescended testes with 
anterior pituitary-like substances and found variable 
success rates (25—100%) (27). In the 1950s, Deming revi- 
ewed the treatment of cryptorchidism with urinary hCG 
and noted a wide variation in success (0-90%) (28). 

In the United States, hormonal treatment is pri- 
marily performed with hCG, which consists mainly of 
LH. Other agents have also been used, such as human 
menopausal gonadotropin (hMG), which consists 
mainly of FSH. Subsequent studies have shown that 
hMG works equally as well or in combination with 
hCG, as compared with hCG alone (29). Scheduled 
dosages of hCG injection vary, and there is presently 
no consensus. Some investigators propose injections 
on alternate days; however, others believe that hCG 
injections at intervals of less than four days are unnec- 
essary (30). Forest et al. randomized 183 cryptorchid 
boys to two protocols: one group receiving 1500 IU 
every other day, and the other group receiving 100 
IU/kg at four- to five-day intervals (30). Testosterone 
rose to normal levels, and the success of treatment was 
similar between the groups. Several studies demon- 
strated a continued rise in plasma testosterone after a 
single injection of hCG, which peaked at four days. 
Further hCG injections within this period have little 
additional stimulatory effect. The frequency of injec- 
tions also does not seem to be significant (30-32). 
Hesse and Ficher showed that the same total dose 
given in three injections of hCG was as effective as 10 
smaller dose injections of hCG in the treatment of 
cryptorchidism (33). 

Age seems to be significant in the response rate: 
response rates are reportedly the least successful prior 
to the first year of life (26). The descent was 15% at two 
to five years, versus 44% at 10 to 14 years (34). Garagorri 
et al. found only a 9% success rate in patients aged 6 to 
35 months (35). The position of the testicle at the time 
of treatment seems to be important: the lower the testi- 
cle, the higher the reported success rate. Canlorbe et al. 
reported a success rate of 47.6% in testes located in the 
inguinal area, but only a 20% success rate with abdom- 
inal testes (36). A retractile testis is likely to be a con- 
founding factor. After treatment, return of the testis to 
its pretreatment condition has been reported; there- 
fore, follow-up of these cryptorchid patients is required 
(37). Some authors have advocated a second course of 
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hCG, quoting some partial success, although others 
believe that a second course is useless (37-39). 

In Europe, the effects of GnRH via nasal spray in 
cryptorchid children have been studied. Gonadotropin 
response to GnRH given intranasally was studied in 
the 1970s (40,41). Those studies demonstrated a maxi- 
mum LH response with 2.5 mg of GnRH, but also 
showed a significant LH response with as little as 
200 ug of GnRH (34). The results with this form of 
treatment, however, vary widely. In a double-blind 
placebo-controlled study of GnRH nasal spray, 237 
cryptorchid children were evaluated by two examiners 
in an attempt to isolate patients with retractile testes. 
Children with obviously ectopic (penile, perineal, or 
femoral) testes were also excluded, as were children 
with an inguinal hernia or chromosomal or dysmorphic 
syndromes. There was no statistical difference in the 
success rate of testicular descent between the placebo 
group (8%) and the GnRH treatment group (9%) (42). 

There are several points to consider regarding 
the present status of hormonal treatment in cryptor- 
chid children. Nearly all investigators agree that hor- 
monal manipulation works best in older children 
(high success rate in children more than seven years 
old) (13). There is histologic evidence that germ cell 
damage is well established by the age of two, with 
40% of testes demonstrating azoospermia (43-45). In 
addition, several double-blind hormonal treatment 
studies show little or no benefit in the treatment of 
truly cryptorchid testes. Perhaps the main role of hor- 
monal treatment is to identify the retractile testis from 
the truly undescended testis (26,46,47). Some authors 
have studied the effects of early hormonal treatment 
on germinal epithelium and have shown a detrimen- 
tal effect (48). 


Surgical Treatment 


Surgical therapy is successful in 90% of patients with 
nonpalpable testes and in over 90% of patients with 
palpable testes (49). Most authors recommend surgical 
treatment after the age of 6 months but before 18 
months (13). Surgery affords the best chance of germi- 
nal epithelium preservation, yet only 30% of pediatri- 
cians and 14% of family practitioners recommend 
orchiopexy between 6 and 12 months of age (50). It 
may be, however, that the cryptorchid testis follows a 
predetermined course of germinal atrophy secondary 
to an embryologic abnormality. The results of current 
early surgical interventions will not be seen until these 
children are beyond puberty. Nevertheless, surgery 
obviates the need for a series of injections and long- 
term or frequent follow-up to evaluate for possible 
testicular ascent after successful hormonal therapy. 

At the time of surgery and just after the admini- 
stration of general anesthesia, the child should be 
reexamined to detect a truly retractile testis. If the 
cryptorchid testis (testes) is palpable, a horizontal 
inguinal incision is made along Langer’s line. The 


testicle and its vascular supply are carefully identified. 
Usually, there is an associated patent processus vagi- 
nalis that is dissected free, and a high ligation of the 
hernia sac is performed at the level of the internal 
inguinal ring. Many inguinally located cryptorchid 
testes will have sufficient length to reach the scrotum 
at this point. A subdartos pouch is made with a small 
scrotal incision. The testicle is then brought down to 
the scrotum and placed into this pocket just beneath 
the scrotal skin. Careful inspection of the spermatic 
cord should be performed to ensure that it is not 
twisted. If the length of the spermatic cord is inade- 
quate to reach the scrotum, an additional 1 to 2 cm may 
be obtained by mobilizing the spermatic cord from the 
transversalis fascia. This is performed by mobilizing 
the testicular artery and vein beyond the internal 
inguinal ring. Occasionally, a Prentice maneuver is per- 
formed, in which the testicle and spermatic cord are 
rerouted in a more direct path of descent. This is done 
by bringing the testicle around the inferior epigastric 
vessels and through the floor of Hasselbach’s triangle 
at the level of the pubic tubercle. This maneuver can 
gain an additional 1 to 2 cm of length. 

If the preoperative examination demonstrates a 
unilateral impalpable testis, then the possibility of gon- 
adal absence should be discussed with the parents. The 
use of a testicular prosthesis should also be discussed. 
Because of the recent leakage problems occurring with 
similar breast prostheses, a moratorium was placed on 
the implantation of gel-filled silicone testicular pros- 
theses in the United States; these are no longer being 
manufactured. Presently, solid or saline-jelled silicone 
prosthetic devices are being used. 

Laparoscopy continues to have a greater role in 
the diagnosis and treatment of the nonpalpable testis. 
In the case of a unilateral nonpalpable testis, laparos- 
copy will demonstrate its position, and may be helpful 
in planning therapy. If a testis is located at the level of 
or just proximal to the internal inguinal ring, two 
options are available to the surgeon. A standard lapa- 
roscopic-assisted one-stage orchiopexy may be perfor- 
med. If the testicle appears to have insufficient length 
for obtaining a good intrascrotal position, or appears 
higher in the abdomen, a two-stage orchiopexy, termed 
the Fowler-Stephens procedure (in which the testicu- 
lar vessels are ligated and the testicle is mobilized on a 
peritoneal flap with collateral blood supply from the 
deferential artery), or a microvascular reanastomosis 
may be planned. In many instances, an intra-abdomi- 
nal testis can be brought down into the scrotum in one 
stage by dissecting the vas deferens and vessels retro- 
peritoneally. This procedure can be performed either 
with a standard open surgery technique or laparoscop- 
ically. Both authors currently are performing these 
surgeries laparoscopically. Atrophied intra-abdominal 
testes may be removed at the time of initial laparos- 
copy. Over the past several years, the authors have 
favored the two-stage orchiopexy for intra-abdominal 
testes. It is their belief that an excellent scrotal position 
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can be uniformly obtained during the second stage 
without compromising testicular survival. The one- 
stage orchiopexy procedure for intra-abdominal testes 
is often associated with an insufficient length to obtain 
a tension-free position in the dependent portion of the 
hemiscrotum. Other authors have reported similar 
experiences using the two-stage procedure, with good 
testicular survival (51-53). 

In 1975, Martin and Menck addressed the issue of 
the risk of surgery for postpubertal cryptorchid testis 
and the relationship to the risk of testicular cancer (54). 
Farrer et al. reexamined this issue in 1985 by using 
germ cell testis tumor mortality data (55). It was rec- 
ommended that postpubertal men less than 32 years of 
age should undergo orchiectomy, whereas men more 
than 32 years of age should be observed with frequent 
examinations. 

Surgical complications include a high-riding 
testis, bleeding, hematoma, infections, and an injury to 
either the vasculature or the vas deferens. Long-term 
findings include tunica albuginea calcifications and 
hypoechogenic cysts (56). 


Complications of Cryptorchidism 


The naturally acquired complications of cryptorchi- 
dism are infertility and testicular cancer. Infertility 
tends to have a more pronounced effect in cryptorchid 
patients because it is so much more prevalent in this 
population compared with testicular cancer. Elder 
et al. found oligospermia in 31% of both unilateral and 
bilateral cryptorchid patients (57). They reported azo- 
ospermia in 14% of patients with unilateral cryptor- 
chidism and in 42% of patients with bilateral 
cryptorchidism. A 65% to 89% pregnancy rate was 
noted in patients with unilateral cryptorchidism, com- 
pared with a 50% to 60% pregnancy rate in those with 
bilateral cryptorchidism (58). Some evidence is begin- 
ning to accumulate that early orchiopexy may preserve 
fertility. Ludwig and Potempa studied patients who 
underwent orchiopexy between the ages of 1 and 13 
years (59). Patients who underwent surgery between 
the ages of one and two years had a fertility rate of 
87.5%. The fertility rate of the children operated on 
between the ages of three and four years was 44%. Puri 
and O’Donnell noted normal sperm counts in 74% of 
boys with unilateral cryptorchidism and in 30% with 
bilateral cryptorchidism, all treated between the ages 
of 7 and 14 years (60). 

Testicular cancer is the other major sequela of 
cryptorchidism. Of all patients diagnosed with testicu- 
lar cancer, 7.3% have a history of cryptorchidism (52). 
In addition, a man with cryptorchidism has a 9.7 times 
greater chance of dying from testicular cancer. In uni- 
lateral cryptorchidism, testicular cancer will arise in 
the contralateral and normally descended testis in 20% 
of cases (25). The prevalence of carcinoma in situ in 
men with a history of cryptorchidism is 2% to 3% (61). 
Orchiopexy does not appear to affect the incidence of 
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Figure 2 Extravaginal torsion. The testicle twists upon the sper- 
matic cord outside the attachments of the tunica vaginalis. This 
occurs primarily in the neonatal period. 


subsequent testicular cancer. The risk of cancer corre- 
lates with the degree of cryptorchidism; therefore, 
patients with an intra-abdominal testis carry the high- 
est risk of developing testicular malignancy. 


O TESTICULAR TORSION 
Introduction 


Testicular torsion, which leads to vascular compromise 
of the testicular parenchyma, may be due to two differ- 
ent mechanisms. In extravaginal torsion, which occurs 
mainly in the neonatal setting, the testicle twists upon 
the spermatic cord or outside the investing tunica vag- 
inalis (Fig. 2). In intravaginal torsion (Fig. 3), which 
occurs mainly in the pubertal period, the testicle twists 
upon its vasculature within the investing tunica 
vaginalis. 


Tunica Vaginalis 
(parietal layer) 


Tunica Vaginalis 
(visceral layer) 


Tunica Albuginea 


Figure 3 Intravaginal torsion. The testicle twists upon its vascula- 
ture within the investing tunica vaginalis. This occurs primarily in the 
pubertal age group and is often associated with a bell-clapper 
deformity. 
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Incidence 


A bimodal frequency of occurrence of testicular tor- 
sion is evident, with one peak in the perinatal period 
and the other at puberty (62). Some authors have 
reported an increase in the incidence of testicular tor- 
sion. Anderson and Williamson reviewed 670 patients 
with torsion of the spermatic cord who presented 
between 1960 and 1984 (63). They found that the diag- 
nosis of testicular torsion in patients presenting with 
testicular pain increased fourfold from 11.2% between 
1960 and 1964 to 42.8% between 1980 and 1984, proba- 
bly secondary to an increased awareness of this condi- 
tion by general practitioners. The testicular salvage 
rate improved from 17% between 1960 and 1964 to 67% 
between 1980 and 1984, mainly due to earlier recogni- 
tion and intervention (63). Overall, the risk of develop- 
ing torsion of the testicle or its appendages by the age 
of 25 years has been reported to be about 1 in 160 (64). 

Testicular torsion may also occur in the unde- 
scended testis. The undescended testis may be more 
prone to torsion secondary to abnormal mesorchial 
attachments (5). The child with unexplained abdomi- 
nal pain with no history of urologic surgery and an 
empty scrotum should be considered to have torsion 
of an intra-abdominal testis until proven otherwise. 


Neonatal Torsion 


Neonatal torsion is well recognized, and accounts for 
approximately 12% of all cases of testicular torsion. 
The term “neonatal torsion” has been used to describe 
both prenatal and postnatal torsion. Some of these may 
account for the entity known as testicular agenesis 
(vanishing testis) in the older child. Neonatal torsion 
does not seem to correlate with birth weight, prematu- 
rity, perinatal trauma, or the method of delivery, and is 
nearly always asymptomatic (65,66). Generally, the 
examination demonstrates an edematous, ecchymotic 
hemiscrotum that does not transilluminate. A simulta- 
neous rectal examination and abdominal examination 
should be performed to exclude an incarcerated ingui- 
nal hernia. Nuclear scans show decreased perfusion 
and decreased radio-isotope uptake on the affected 
side in more than 95% of cases (67). The affected testis 
appears unhomogeneously hypoechoic, with a sur- 
rounding brightly echogenic rim (68). Nevertheless, 
these studies may be technically inadequate in the 
neonate due to the small testicular size (69). (For fur- 
ther details of imaging of the male reproductive tract, 
see Chapter 28.) 

The cause of neonatal torsion is believed to be, in 
part, secondary to the hypermobility and elasticity of 
the perinatal testicular tissue, which is not fixed in the 
scrotum until the first several days of life (70). Therefore, 
most cases of postnatal torsion occur within the first 10 
days after birth (65). 

If the newborn has a normal scrotal examination 
at birth and later develops signs of testicular torsion, 
he should be treated as a surgical emergency in the 
hope of maximizing testicular salvage (69). Surgical 


exploration in a neonate with prenatal torsion is rec- 
ommended on an elective basis. This recommendation 
is based on findings that irreversible testicular damage 
has already occurred at the time of presentation (18). 
Controversy remains over the management of the con- 
tralateral testes in babies with prenatal torsion. Some 
believe that contralateral fixation is not necessary, 
whereas others believe that it needs to be undertaken 
promptly (71). Bilateral testicular torsion has been 
reported in both synchronous (without delay) and 
asynchronous (delayed) fashions (72-74). At Children’s 
Hospital in Boston, Massachusetts, the authors have 
observed three patients with asynchronous bilateral 
testicular torsion (69,74). One nine-hour-old baby with 
prenatal unilateral torsion was rendered anorchid 
when the contralateral testis torsed (71). Therefore, 
prompt but elective exploration is recommended to 
perform a contralateral orchiopexy, which may protect 
the remaining testicular tissue. In addition, prompt 
exploration removes the torsed testicle, which poten- 
tially may alter future fertility by immunologic means. 
The surgical approach should be inguinal if a testicular 
malignancy is suspected. 


Pubertal Torsion 


As the term implies, this condition occurs around 
puberty, and the incidence declines from puberty to 
childhood. Only 50 cases have been reported after the 
age of 30 years (75). The diagnosis is associated with 
the horizontal lie of the testicle, also known as the bell- 
clapper deformity (76,77). Failure of the normal poste- 
rior anchoring of the gubernaculum epididymis and 
testis is called a bell-clapper deformity because it leaves 
the testis free to swing and rotate within the tunica 
vaginalis of the scrotum much like the clapper of a bell. 
The incidence of the bell-clapper deformity was as 
high as 12% of all men in one autopsy series (78). There 
is a statistically significant increased incidence of tor- 
sion in the colder months, presumably secondary to 
cremasteric contractions. 

The differential diagnosis of a child with testicu- 
lar torsion includes appendiceal torsion, epididymitis, 
testicular trauma, tumor, polyorchidism, incarcerated 
inguinal hernia, Henoch-Schonlein purpura, acute 
hydronephrosis, funiculitis, and idiopathic scrotal 
edema. Henoch-Schonlein purpura is a vasculitis that 
may involve the scrotum and may mimic testicular tor- 
sion (79). 

The most important aspect in discerning the 
correct diagnosis is the history and physical examina- 
tion. Information such as the duration of symptoms, 
character and quality of pain, associated nausea or 
vomiting, time of onset of symptoms, activity at the 
time of initial symptoms, and the patient response to 
symptoms are all important. A history of trauma is 
important, but does not rule out torsion (80). A history 
of prior testicular surgery decreases the chance of acute 
torsion. There have been reported cases of testicular 
torsion, however, despite prior orchiopexy, even if 
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nonabsorbable sutures were used (81-83). A history of 
prior episodes of scrotal pain that occurs suddenly but 
rapidly resolves is suggestive of intermittent torsion. 
Up to 50% of patients with acute torsion have experi- 
enced previous episodes of acute testicular pain. The 
family history of torsion may be helpful because famil- 
ial torsion of the testicle has been reported (84). 

Pubertal torsion presents in stark contrast to neo- 
natal torsion. The patient experiences hemiscrotal pain, 
abdominal pain, or both. Nausea is common. The 
symptoms are usually sudden in onset. Physical exam- 
ination usually shows an elevated hemiscrotum. 
Palpation of the upper scrotum or inguinal canal may 
demonstrate a thickened or twisted spermatic cord. 
Next, an attempt to elicit the cremasteric reflex should 
be made by gently stroking the inner thigh, which 
should cause the ipsilateral hemiscrotum to contract. 
In a series spanning seven years and involving 245 
boys with acute scrotal swelling, a 100% correlation 
between the presence of the ipsilateral cremasteric 
reflex and the absence of testicular torsion was noted 
(85). The absence of the cremasteric reflex, however, 
was not diagnostic of torsion, because other conditions 
that cause absence of the reflex may be present (acute 
hernia, hydrocele, testicular tumor, and testicular leu- 
kemia). The scrotum should be observed for a “blue- 
dot sign,” an aid to diagnosis of a torsed or necrotic 
appendage of the testis. The blue-dot sign is a blue to 
purple discoloration of the scrotum caused by a torsed 
and ischemic appendix testis or appendix epididymis. 
The blue-dot sign is most easily visible during the first 
few hours following the torsion and particularly in fair 
skinned boys. If the blue-dot sign is seen and the testis 
is palpably normal, the patient has torsion of an appen- 
dix. Analgesics usually are sufficient treatment. 
Laboratory examination should include a complete 
blood count and urinalysis. Leukocytosis and pyuria 
suggest an infectious cause, such as epididymitis or 
epididymo-orchitis. 

Manual detorsion may be attempted. The torsed 
testicle twists in a lateral to medial fashion. The physi- 
cian may completely or partially relieve the torsion by 
rotating the testis from medial to lateral within the scro- 
tal sac. This rotation does not obviate emergent or 
urgent surgery, but may help in testicular salvage (86). 

There is currently no diagnostic test to establish 
the diagnosis of torsion unequivocally. The criticism of 
imaging studies lies in their time consumption and 
subsequent delay in surgery, whichcan cause decreased 
testicular salvage rates. Good imaging studies, how- 
ever, can certainly be helpful in diagnosis. Color 
Doppler sonography is a good imaging modality, par- 
ticularly in those cases in which the physical examina- 
tion and history are equivocal. Burks et al. reported 
that color Doppler was 86% sensitive, 100% specific, 
and 97% accurate in the diagnosis of torsion (87). 
Nevertheless, false-negative Doppler examinations 
have been reported in patients with testicular torsion, 
and the study is operator-dependent (88). With nuclear 
scans, the scintigraphic pattern in torsion varies 


depending on the degree of torsion (89). In spite of 
these limitations, scrotal imaging is relatively accurate 
(90,91). Nuclear MRI has also been used to diagnose 
torsion and to differentiate torsion from epididymitis 
(92). Its use, however, is limited, because of the need 
for sedation in young children and the fact that other, 
less expensive imaging modalities are available. 

Treatment of the torsed testicle is surgical explo- 
ration. The viability of the testicle at the time of sur- 
gery will dictate whether orchiopexy or orchiectomy 
is performed. This is determined by gross inspection 
of the testicle before and after detorsion. After manual 
detorsion, the testicle is wrapped in a warm saline- 
soaked sponge while fixation of the contralateral testis 
is performed. Contralateral scrotal exploration and 
fixation are essential, particularly because torsion of 
the contralateral testis as high as 40% has been reported 
in one series (15). There have been no reports of testic- 
ular loss as a result of septopexy, a type of surgery to 
keep the testis placed well down in the scrotum with- 
out tension. After the contralateral orchiopexy has 
been performed, the testicle is unwrapped. If the 
degree of viability is still questionable, a small incision 
is made in the tunica albuginea to observe for bleed- 
ing. If there is no bleeding, most surgeons will remove 
the testicle. 


Prognosis 


It is well established that the ratio of ischemia deter- 
mines testicular salvage. Testicular size correlates pri- 
marily with germinal epithelial mass. The supporting 
cells (Sertoli and Leydig) account for a small percent- 
age of the testicular volume and are more resistant to 
ischemic damage than the germinal epithelium (93). 
Four hours of ischemia time causes irreversible damage 
to dog spermatogonia (germinal epithelium), whereas 
8 to 10 hours of ischemia may cause irreversible 
damage to the Sertoli and Leydig cells (94). Testicular 
salvage rates decreased to less than 20% in patients 
explored 12 hours after the onset of symptoms (15,95). 

There is a reported age delay in the presentation 
of testicular torsion, and a subsequent decline in the 
rate of testicular salvage. Berada et al. noted that male 
patients less than 18 years of age presented 20 hours 
(median time) after the onset of symptoms (96). Male 
patients older than 18 years presented four hours 
(median time) after the onset of symptoms. The inci- 
dence of orchiectomy in the two groups was consider- 
ably higher in the younger age group (44% vs. 8%). This 
difference may be related to the younger age group’s 
dependency on adults for access to medical care. There- 
fore, this group should be targeted for improved 
health education regarding the early evaluation of 
scrotal pain. 

Assuming that the testicle is viable at the time of 
surgery, what is the effect on fertility from its ischemic 
episode? Endocrine function (testosterone produc- 
tion from the Leydig cells) appears to be unaffected 
if the testis remains viable (97). Exocrine function 
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(spermatogenesis) has been reported to be abnormal, 
however, suggesting that the ischemic event has 
affected the contralateral testis (97). Antisperm anti- 
bodies have been implicated as a result of the exposure 
of testicular tissue androgens to the bloodstream after 
the ischemic event (97). Detection of antisperm anti- 
bodies after torsion is variable (98-100). Many reports 
have confirmed abnormal semen analysis after acute 
testicular torsion (101-103). Anderson and Williamson 
suggest that there may be a congenital bilateral defect 
in spermatogenesis associated with the (bell-clapper) 
deformity in the hypermobile testis. In support of this 
theory, biopsies of the contralateral testis at the time of 
orchiopexy have demonstrated histologic abnormali- 
ties inas high as 53% of patients (98,104,105). Additional 
work is being performed in this area to further assess 
the late effects of testicular torsion. 


O TORSION OF THE TESTICULAR 
APPENDAGES 
Introduction 


The testicular appendages are also subject to torsion. 
The appendix testis is a remnant from the regressed 
mullerian duct, and is located at the upper pole of the 
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testis. The appendix epididymis is a remnant of the 
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O DEFINITION OF PUBERTY 


Puberty is the period during which sexual maturity is 
reached, resulting in the capacity for reproduction. It 
involves the growth and maturation of the primary 
sexual characteristics (gonads and genitals) and the 
appearance of secondary sexual characteristics (includ- 
ing sexual hair and voice change). 

A study of more than 17,000 healthy 3- to 12-year- 
old girls sponsored by the American Academy of 
Pediatrics suggests that puberty occurs at an earlier 
age today than in the past (1). Consequently, a change 
in the lower limit of puberty in girls (from eight to 
seven years of age in whites, and six years of age in 
African-Americans) was proposed recently by the 
Lawson Wilkins Pediatric Endocrine Society (2). On 
the other hand, two recent studies in boys (3,4) did not 
show a distinct trend toward earlier maturation, and in 
one of them (4), the investigators did not find a signifi- 
cant difference in the timing of puberty based on race. 
Thus, puberty continues to be considered normal in 
boys if it starts after the age of 9 years and before the 
age of 13.5 years. 


O PHYSIOLOGY OF NORMAL PUBERTY 
Physical Changes 
Secondary Sexual Characteristics 


The method described by Tanner (stages 1-5) (5) is the 
most utilized throughout the world for assessing 
sexual maturation. The stages are defined by physical 
measurements of development based on external pri- 
mary and secondary sexual characteristics, such as the 
size of the breasts and genitalia, and the development 
of pubic hair. Although pubic hair is usually the first 
evidence of puberty in girls, increased testicular size is 
the first physical evidence of puberty in boys. In gen- 
eral, pubertal testicular enlargement has begun when 
the longitudinal measurement of a testis is greater than 
2.5 cm (excluding the epididymis) or the volume is 
equal to or greater than 4 mL (6). The right testis is usu- 
ally larger than the left, and the left testis is located 
lower in the scrotum than the right. 


The phallus is more accurately measured in the 
stretched, flaccid state. The length of the erectile tissue 
(excluding the foreskin) increases from an average of 
6.2 cm in the prepubertal stage to 12.4+2.7 cm in the 
white adult; in black men, the mean length is 14.6 cm, 
and in Asians, 10.6 cm (7). 

During puberty, the male larynx, cricothyroid 
cartilage, and laryngeal muscles enlarge; the voice 
breaks at approximately 13.9 years and the adult voice 
is achieved by 15 years of age (8). 


Pubertal Growth Spurt 


The pubertal growth spurt can be divided into three 
stages: the stage of minimal growth velocity just before 
the spurt (takeoff velocity), the stage of most rapid 
growth, or peak height velocity (PHV), and the stage of 
decreased velocity and cessation of growth at epiphy- 
seal fusion. Boys reach PHV approximately two years 
later than girls and are taller at takeoff; PHV occurs at 
stages three to four of puberty in most boys and is 
completed by stage five in more than 95% of boys 
(9,10). The mean takeoff age is 11 years, and the PHV 
occurs at a mean age of 13.5 years in boys. The total 
height gain in boys between takeoff and cessation of 
growth is approximately 31 cm (11). The mean height 
difference (boys taller than girls) between adult-height 
men and women is 12.5 cm. 


Bone Age and Body Composition 


Skeletal maturation is assessed by comparing radio- 
graphs of the hand, the knee, or the elbow with stan- 
dards of maturation in a normal population (12). In 
normal children, bone age, an index of physiological 
maturation, does not have a well-defined relationship 
to the onset of puberty and is as variable as the chrono- 
logic age; however, in boys with delayed puberty, bone 
age correlates better with the onset of secondary sexual 
characteristics than does chronologic age. 

There are dramatic changes during puberty in 
males, including increases in lean body mass, skeletal 
mass, bone-mineral density, and body water, and 
decreases in percentage fat mass (13). In boys, bone- 
mineral density reaches a peak early in the third decade 
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of life, well after the PHV. The growth spurt at a time 
well before peak bone mass may be a factor that results 
in a period of increased fragility and susceptibility to 
trauma (14). 


Hormonal Changes 
Gonadotropins 


Before puberty, the pulse amplitude of gonadotropin 
release [luteinizing hormone (LH) and follicle-stimu- 
lating hormone (FSH)] is low and occurs infrequently. 
The onset of pubertal hormonal changes is first evident 
in dramatic episodes of LH release of short duration 
that first occurs during sleep. With maturity, this 
release occurs regularly throughout the day (15). The 
intermittent release of gonadotropin is reflective of the 
episodic release of gonadotropin-releasing hormone 
(GnRH) (16). The increased sex hormone production 
by the testes (predominantly testosterone) results from 
increased LH stimulation; FSH stimulates the Sertoli 
cells, which, in conjunction with testosterone, stimu- 
late maturation of spermatogenesis. 


Testosterone 


Prepubertal boys have plasma testosterone concentra- 
tions of less than 0.3 nmol/L (0.1 ng/mL) (17), except 
during the first three to five months of life, when 
pubertal levels are found. Nighttime elevations of 
serum testosterone are detectable in the male before 
the onset of physical signs of puberty and during early 
puberty after the development of sleep-entrained 
secretion of LH (18). In the daytime, testosterone levels 
begin to increase at approximately 11 years of age, 
after the testis volume is at least 4 mL, and continue to 
increase throughout puberty (19). The steepest incre- 
ment in testosterone levels occurs between pubertal 
stages two and three (20). 


Estrogens 


In the male, approximately 75% or more of estradiol is 
derived from extraglandular aromatization of testos- 
terone and (indirectly) androstenedione, and the 
remainder is secreted by the testes (21). Many actions 
of testosterone on growth, skeletal maturation, and 
accretion of bone mass are, to a great extent, the result 
of its aromatization to estrogen (22). 

In boys, low levels of estradiol are present before 
puberty and rise throughout puberty until the puber- 
tal growth spurt occurs, and decrease thereafter (23). 


Adrenal Androgens 


There is a progressive increase in plasma levels of 
dehydroepiandrosterone (DHEA) and its sulfated form 
(DHEAS) in both boys and girls beginning at the age of 
seven or eight years and continuing throughout early 
adulthood. The increase in the secretion of adrenal 
androgens and its precursors is known as “adre- 
narche.” Dissociation of adrenarche and gonadarche 
(maturation of the gonads) occurs in several disorders 


of sexual maturation, including premature adrenarche 
(onset of pubic or axillary hair before the age of eight 
years) and central precocious puberty (CPP) (24). 


Growth Hormone 


Serum growth hormone (GH) levels rise during puber- 
tal development in both boys and girls as a result of 
increased gonadal steroid secretion. Basal GH secre- 
tion is evident before puberty; the amplitude and mass 
of GH secretion, but not secretory episodes, are 
increased during pubertal development (25). This 
increase in pubertal GH secretion is characterized by a 
concomitant rise in plasma insulin-like growth factor-1 
(IGF-1) concentration. 

The aromatization of testosterone to estradiol 
accounts for a significant portion of the effect of tes- 
tosterone on GH secretion (26,27). Treatment of late 
pubertal boys with the estrogen antagonist tamoxi- 
fen leads to smaller GH secretory peaks and, to a 
lesser degree, fewer GH secretory episodes, support- 
ing the critical role of estrogens in regulating GH 
secretion (26). 


O DISORDERS OF PUBERTY 
Delayed Puberty 
Constitutional Delay of Growth and Puberty 


Constitutional delay of growth and puberty (CDGP) is 
a frequent variant of normal pubertal maturation. It is 
characterized by a slowing of the growth rate as well 
as by a delay in the timing and tempo (rate of progres- 
sion of the various stages) of puberty (28). Typically, 
these boys seek medical evaluation in the early teens as 
they become aware of the discrepancy in sexual 
development and height between themselves and 
their peers. 

Clinically, these patients have a height age (the 
age corresponding to the height at which the patient’s 
height is at the 50% percentile) that is delayed with 
respect to their chronological age but is concordant 
with their bone age. Sexual development is prepuber- 
tal or early pubertal, and is again appropriate for the 
bone age, but delayed for chronological age. There is 
often a family history of one parent or a sibling of either 
sex having also been a “late bloomer.” 

Height velocity continues at a prepubertal rate or 
slows slightly as a prepubertal dip, in contrast to peers 
of the same chronological age, whose height velocities 
begin to accelerate at the age of 13 to 14 years. When 
the height is plotted on the standard growth curve, the 
height gain of these boys appears to be decelerating 
since the standard growth curve incorporates the 
pubertal growth spurt at an “average” age. This fur- 
ther accentuates the difference between the delayed 
boys and their normally developing counterparts. 
The apparent deceleration in growth compared with 
chronologically matched peers is usually a compelling 
concern of the patient and/or his family and brings the 
adolescent to medical attention. 


Biochemically, boys with CDGP resemble normal 
boys with comparable bone ages. Serum levels of GH, 
IGF-1, insulin-like growth factor binding protein 3 
(IGF-BP3), LH, FSH and testosterone may be low for 
chronological age, but are normal when compared 
with levels in boys of the same stage of sexual develop- 
ment (29,30). 

The suppressed hypothalamic—pituitary-gonadal 
axis found in CDGP represents an extension of the 
physiological hypogonadotropic hypogonadism pres- 
ent since infancy. 


Hypogonadotropic Hypogonadism 


Insufficient pulsatile secretion of GnRH and the result- 
ing LH and FSH deficiency lead to lack of sexual matu- 
ration, or sexual “infantilism.” The degree of this deficit 
varies, and hence the phenotype can vary from com- 
plete sexual infantilism to conditions that are difficult 
to differentiate from CDGP (Table 1). 

The GnRH deficiency may be secondary to a 
genetic or developmental defect that is not detected 
until the age of the expected puberty, or it may be due 
to a tumor, an inflammatory process, a vascular lesion, 
or trauma. 


CNS Disorders 


Tumors. CNS tumors that delay puberty are usually 
extrasellar masses that interfere with GnRH synthesis, 
secretion, or stimulation of pituitary gonadotropes. In 
this particular condition, virtually all patients have a 
deficiency of one or more additional pituitary hor- 
mones. GH deficiency due to neoplasms is often asso- 
ciated with a relatively late onset of growth failure, in 
contrast to idiopathic and familial hypopituitary chil- 
dren, who usually have growth failure early in life. 
Craniopharyngioma is the most common brain 
tumor of nonglial origin and the most common brain 
tumor associated with hypothalamic—pituitary dys- 
function and sexual infantilism. These tumors account 
for 80% to 90% of neoplasms arising in the pituitary 
region. They originate from squamous rest cells in the 
remnant of Rathke’s pouch between the adenohy- 
pophysis and the neurohypophysis. The tumors may 


Table 1 Hypogonadotropic Hypogonadism 


CNS disorders 
Tumors 
Other CNS disorders 
Isolated gonadotropin deficiency 
Kallmann’s syndrome 
X-linked congenital adrenal hypoplasia 
Isolated luteinizing-hormone deficiency 
Miscellaneous disorders 
Prader-Willi syndrome 
Laurence—Moon syndrome 
Bardet—Biedl syndrome 
Cystic fibrosis 
Other chronic diseases 


Abbreviation: CNS, central nervous system. 


Chapter 14: Disorders of Male Puberty 175 


be completely intrasellar (25%), solely extrasellar, or a 
combination of both (31). 

Although histologically benign, craniopharyngi- 
omas can be aggressive, sending papillae that invade 
surrounding tissues. In addition, they commonly have 
cystic components that may be multiple and may 
enlarge, causing compression of adjacent neurological 
structures. Craniopharyngiomas commonly present 
with nonendocrine symptoms such as headache and 
visual disturbance and, less commonly, with manifes- 
tations of endocrine deficiency such as delayed growth. 
Up to 80% of patients have evidence of endocrine 
dysfunction at diagnosis (32). GH deficiency is the 
most frequent finding, present in up to 75% of patients, 
followed by gonadotropin deficiency in 40%, adreno- 
corticotropic hormone (ACTH) and thyroid-stimulating 
hormone (TSH) deficiency in 25%, and diabetes insipi- 
dus in 9% to 17% (33,34). 

Surgery is the treatment of choice for craniopha- 
ryngioma and, ideally, total resection of the tumor. In 
all but small, totally intrasellar or circumscribed 
tumors, for which total resection is possible, it is clear 
that surgical management alone carries an unaccept- 
ably high rate of recurrence and adjunctive radio- 
therapy should be given. 

The treatment-associated morbidity is dependent 
on the size and invasiveness of tumor at diagnosis, the 
experience of the surgeon, and the route of surgical 
approach. Regardless of the approach, the incidence of 
endocrine dysfunction is high following surgical treat- 
ment (35), although it may be less when a transphenoi- 
dal approach is used (36). 

Sexual infantilism can be caused by other extra- 
sellar tumors that arise or involve the hypothalamus. 
Germinomas or other germ cell tumors of the CNS 
are the extrasellar tumors that most commonly cause 
sexual infantilism, although, when all primary CNS 
tumors are considered, germinomas are rare (37). 
The diagnosis is usually made during the second 
decade of life. Polydipsia and polyuria are among 
the most common symptoms, followed by visual dif- 
ficulties, growth failure, and delayed or precocious 
puberty. The most common hormonal abnormalities 
are diabetes insipidus and GH deficiency. Pure ger- 
minomas are radiosensitive, and thus, radiation is the 
preferred treatment. When a mixed germ cell tumor 
is found, both radiation and chemotherapy may be 
required (38). 

Hypothalamic and optic gliomas or astrocy- 
tomas as well as prolactinomas can also cause sexual 
infantilism. 


Other CNS Disorders. Radiation of the head for 
treatment of CNS tumors, leukemia, or neoplasm may 
cause hypothalamic—pituitary damage. GH deficiency 
is the most common endocrine abnormality, followed 
by gonadotropin deficiency; consequently, delayed 
puberty and growth failure should always be sus- 
pected in children who have received CNS radiation 
therapy. 
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Midline malformations of the head and the CNS 
are associated with a variety of endocrine deficiencies. 
In septo-optic or optic dysplasia, the optic nerve is usu- 
ally affected, leading to small, dysplastic, pale optic 
discs and nystagmus; severely affected patients may 
be blind. The midline hypothalamic defect may cause 
GH, TSH, ACTH, and gonadotropin deficiency; short 
stature and delayed puberty are common (39). 

Other rare CNS disorders that can lead to delayed 
puberty include tuberculous or sarcoid granulomas of 
the CNS, hydrocephalus, vascular abnormalities, and 
head trauma (40). 


Isolated Gonadotropin Deficiency 

In contrast to patients with brain tumors and second- 
ary GH deficiency or CDGP, patients with isolated 
gonadotropin deficiency are usually of appropriate 
height for age. Because levels of gonadal steroids are 
too low to fuse the epiphyses, these children develop 
eunuchoid body proportions, defined as having an 
arm span that is 2 cm greater than the total body height, 
with the lower body being 2 cm longer than the upper 
body. If not treated, these children will become tall 
adults, although only rarely is more than 2.5 to 7.5 cm 
added to the adult height (41). 

Kallmann’s syndrome is the most common form 
of isolated hypogonadotropic hypogonadism with 
delayed puberty; anosmia or hyposmia due to agenesis 
or hypoplasia of the olfactory lobes and/or sulci 
is associated with GnRH deficiency. Undescended 
testes, micropenis, and gynecomastia are frequent find- 
ings; other less common defects include cleft lip, cleft 
palate, seizure disorder, short metacarpals, pes cavus, 
hearing loss, cerebellar ataxia, ocular motor abnormal- 
ities, and renal dysplasia or aplasia (42,43). 

Hypogonadotropic hypogonadism can be trans- 
mitted by autosomal recessive inheritance with none 
of the other features of Kallmann’s syndrome in 
patients with X-linked congenital adrenal hypoplasia, 
which is due to a deletion or mutation of the DAX1 
gene. Affected boys with X-linked congenital adrenal 
hypoplasia frequently have severe primary adrenal 
insufficiency, which can be lethal if untreated (44). The 
testes are undescended in many of the patients, but 
micropenis is rare. At the age of expected puberty, 
signs of sexual maturation do not develop, including 
the lack of development of pubic and axillary hair and 
testicular enlargement and persistent low levels of 
serum FSH, LH, and testosterone (45). 

Isolated LH deficiency (the fertile eunuch syn- 
drome) is associated with deficient testosterone pro- 
duction and spermatogenesis; in most cases, the 
isolated gonadotropin deficiency is incomplete. 
Treatment with human chorionic gonadotropin (hCG) 
has been shown to increase testosterone secretion and 
spermatogenesis (46). 


Miscellaneous Disorders 

Prader-Willi syndrome is a complex, multisystem 
disorder that includes neonatal hypotonia and failure 
to thrive, developmental delay and mild cognitive 


impairment, characteristic facial appearance, early 
childhood-onset obesity, hypogonadism with genital 
hypoplasia and incomplete pubertal development, and 
mildly short stature (47). 

This genetic disorder is caused by the lack of 
expression of normally active paternally inherited 
genes at chromosome 15q11-q13. Approximately 70% 
of the patients have a paternal deletion of the 15q11- 
q13, and 25% have uniparental disomy in which both 
chromosomes 15 are derived from the mother, possi- 
bly by nondisjunction during maternal meiosis (48). 

The Laurence-Moon and Bardet-Biedl syn- 
dromes are two different entities, although both are 
autosomal recessive traits, and both feature retinitis 
pigmentosa and hypogonadism. Many Bardet-Biedl 
syndrome patients have developmental delay, as do 
all Laurence-Moon syndrome patients. 

Chronic systemic disorders and malnutrition are 
associated with delayed puberty or failure to progress 
through the stages of puberty. It is necessary to distin- 
guish the effects of malnutrition, which can lead to 
functional hypogonadotropic hypogonadism, from the 
primary effects of the disease. In general, any cause of 
weight loss to less than 80% of ideal weight for height 
can lead to gonadotropin deficiency (49); weight 
gain usually restores hypothalamic—pituitary—gonadal 
function. 

Cystic fibrosis also delays puberty—in large part, 
through malnutrition (50). Even with normal pubertal 
progression, however, boys usually have oligospermia 
caused by obstruction of the spermatic ducts with 
viscid material unrelated to their nutritional status 
(51). Further, boys with cystic fibrosis have an autoim- 
mune reaction against sperm that could be detected at 
the time of appearance of spermatogenesis (52). 

Boys with sickle cell anemia often have mild 
delayed puberty and impaired Leydig cell function, due 
to ischemia of the testes or gonadotropin deficiency, or 
both (53). Other chronic conditions, including thalas- 
semia major, hemophilia, Crohn’s disease, celiac 
disease, chronic renal disease, poorly controlled diabe- 
tes mellitus, and hypothyroidism are also associated 
with delayed pubertal development. 

Chemotherapy for malignant diseases may also 
influence the age of puberty and, if administered 
during puberty, can impair gonadal function and cause 
primary hypogonadism (54). Radiation to the head 
may cause hypogonadotropic hypogonadism and/or 
GH deficiency, and radiation to the abdomen and 
pelvis and certain types of chemotherapy. 


Hypergonadotropic Hypogonadism 

Klinefelter’s Syndrome and Its Variants 

Klinefelter’s syndrome, the most frequent cause of 
hypergonadotropic hypogonadism in phenotypic 
males (approximately 1 in 600 to 1 in 800 males), does 
not delay the onset of sexual development. Common 
features include small, firm testes, impaired spermato- 
genesis, gynecomastia, and eunuchoid body propor- 
tions. Puberty starts at the usual age, but with small 
testes, the secondary sex characteristics do not attain 


normal development. The diagnosis is confirmed by 
the presence of one or more extra X chromosomes in 
the karyotype. School performance is usually poor, 
with an average verbal intelligence quotient that is 10 
to 20 points below normal controls (55). Hormonal 
measurements at adolescence usually show high FSH 
levels, moderately elevated LH levels, and plasma 
testosterone in the low normal range (56). 

Klinefelter variants with more than one extra 
chromosome include 46, XY/47, XXY; 48, XXYY, and 
48, XXXY karyotypes—all associated with more severe 
genital and mental impairment. The rare 46, XX male 
also has some features of Klinefelter’s syndrome. 


Other Forms of Primary Testicular Failure 

Other types of primary congenital testicular failure in 
otherwise normal males include anorchia and “vanish- 
ing testes syndrome.” The latter condition features an 
empty scrotum at birth, with evidence of the tempo- 
rary presence and function of testes in utero (57). 
Anorchia (total absence of testes) can be differentiated 
from abdominal cryptorchidism (undescended testes) 
by the high levels of LH and/or FSH, their elevated 
responses to a GnRH challenge, and, most importantly, 
the lack of testosterone response to stimulation with 
exogenous hCG. 

LH resistance caused by an LH receptor abnor- 
mality has been reported as a cause of infantilism in a 
phenotypic male (58). 

Acquired bilateral lesions of the testes that occur 
during childhood and may lead to hypogonadism at 
adolescence include bilateral testicular torsion, severe 
scrotal trauma, and orchitis (e.g., mumps). 


Treatment 


Treatment of delayed puberty depends on the diagno- 
sis (59). Most boys with constitutional delay of growth 
and adolescence, without intervention, will undergo 
normal pubertal development spontaneously, and will 
reach their target height as predicted by parental stat- 
ure (60). Development may, however, occur several 
years after that of their peers, and many adolescents 
will suffer significant emotional distress because they 
differ in their appearance from their peers during these 
years. Androgen therapy was initially proposed to 
alleviate this psychological stress. Recent data have 
emerged that support androgen therapy in these boys 
for its beneficial effects on bone-mineral density 
and body composition, in addition to its psychological 
benefits (61). 

In the authors’ practice, testosterone enanthate or 
cypionate 50 to 100 mg is administered intramuscu- 
larly every four weeks for three months. Almost all 
boys respond to this therapeutic trial by showing some 
increase in appetite, body weight, and height, and 
many show early testicular enlargement. An early- 
morning testosterone level measured at least three 
weeks after the last injection will reflect the boy’s own 
endogenous testosterone production. If no physiologic 
changes are apparent after three months, the dose may 
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beincreased by 25 to50 mg every four weeks. Treatment 
is continued for another three months, and the boys 
are then reevaluated: an increase in testicular size indi- 
cates gonadotropin release despite exogenous testos- 
terone. It should be noted that boys with permanent 
hypogonadotropic hypogonadism will not have testic- 
ular growth. If growth and development cannot be 
sustained without therapy after one year of testoster- 
one treatment, the presence of permanent hypogonad- 
otropic hypogonadism is more likely, and further 
investigation is warranted. 

The use of pulsatile GnRH administration is not 
practical for the routine induction of puberty in adoles- 
cent boys, due to high cost, the frequency of admini- 
stration (every 90-120 minutes), and the route of 
administration (subcutaneously or intravenously); 
therefore, long-term testosterone replacement is the 
treatment of choice for hypothalamic or pituitary 
gonadotropin deficiency. 

Congenital or acquired gonadotropin deficiency 
due to CNS lesions requires testosterone replacement 
therapy at the normal age of onset of puberty. 
An exception may occur when GH deficiency coexists; 
in this condition, it is generally advisable to initiate 
testosterone replacement by the age of 14 years to max- 
imize linear growth. 

Plasma testosterone and LH levels should be 
monitored every six months during puberty, and 
yearly thereafter in patients with Klinefelter’s syn- 
drome. If the LH level rises by more than 2.5 SD above 
the mean value or if the testosterone level decreases 
below the normal range for age, testosterone replace- 
ment therapy is indicated. 

Gonadal steroid treatment regimens are the 
same in both hypogonadotropic hypogonadism and 
hypergonadotropic hypogonadism. Boys are given 
testosterone enanthate, 50 to 100 mg every four weeks 
intramuscularly at the start, and this is increased 
gradually every two to three weeks to adult replace- 
ment doses of 200 mg (62). Skin patches of testoster- 
one (2.5 and 5mg) may be useful in motivated 
teenagers. 


Precocious Puberty 


By definition, precocious puberty is the appearance of 
any sign of secondary sexual maturation before the age 
of nine years in boys. 

Precocious puberty can be central (GnRH-depen- 
dent) or peripheral (GnRH-independent) (Table 2). In 
both cases, linear growth is accelerated during child- 
hood, often with markedly advanced bone maturation. 
Paradoxically, a tall boy may become short in adulthood 
because of the very early epiphyseal closure. 


Central Precocious Puberty 


CPP is either idiopathic or secondary to a central ner- 
vous system abnormality. The definitive diagnostic 
test for CPP is GnRH stimulation of gonadotropin 
release. CPP is diagnosed when there is a “pubertal 
response,” that is, when the rise of LH is greater than 
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Table 2 Precocious Puberty 


Central 
Idiopathic 
CNS tumors 
Other CNS disorders 
Peripheral 
Congenital adrenal hyperplasia 
Virilizing adrenal tumors 
Leydig cell tumors 
Familial testotoxicosis 
McCune-Albright syndrome 
Longstanding hypothyroidism 


Abbreviation: CNS, central nervous system. 


the range of response among prepubertal children of 
the same sex using the same gonadotropin assay. 


Idiopathic 
In this condition, puberty is physiologically normal, 
but chronologically early. 

In contrast to its occurrence in girls, CPP occurs 
less frequently in boys, and a larger percentage of boys 
with CPP have CNS lesions than the idiopathic variety. 
Therefore, the CNS assessment of boys with early 
puberty, usually including an MRI scan, should be 
emphasized. 

In boys with idiopathic CPP, the testes usually 
enlarge under gonadotropin stimulation before other 
signs of puberty are seen. Progression of sexual matu- 
ration is often more rapid than normal. The rapid 
growth is associated with increased GH secretion and 
elevation of serum IGF-1 levels because of stimulation 
of this axis by gonadal steroid hormones (63). 

The ratio of bone age to chronological age and the 
rise of IGF-1 above normal values for age are predictive 
of outcome: Children with modest clinical signs prog- 
ress less rapidly and may attain their target heights (64). 


CNS Tumors 

Optic and hypothalamic glioma, astrocytoma, and, 
rarely, craniopharyngioma, ependymomas, and ger- 
minomas can cause CPP. The prevalence of CPP is 
increased especially in girls after cranial radiation for 
local tumors or leukemia. Hamartomas of the tuber 
cinereum are now detected in many boys previously 
thought to have idiopathic CPP. These hamartomas 
are not true neoplasms and should not be approached 
surgically, except in unusual circumstances (65). 
Sexual precocity may be the first manifestation of any 
posterior hypothalamic tumor. In addition, headaches, 
visual problems, diabetes insipidus, and hydrocepha- 
lus may develop due to an enlarging mass. 

The location of these tumors usually makes sur- 
gical removal difficult. A conservative approach is rec- 
ommended; the pathologic findings of a biopsy of the 
neoplasm should direct treatment. 


Other CNS Disorders 
CNS abnormalities associated with CPP include 
encephalitis, developmental delay, hydrocephalus, 


epilepsy, previous CNS radiation therapy, head trauma, 
arachnoid cyst, brain abscess, and sarcoid or tuberculous 
granuloma of the hypothalamus. 

Neurofibromatosis type 1 (von Recklinghausen’s 
disease) and septo-optic dysplasia are associated with 
both precocious puberty and delayed puberty (66). 


Chronic Exposure to Sex Steroids 

CPP may be secondary to prolonged sex steroid expo- 
sure associated with peripheral precocious puberty 
(PPP). Boys may develop CPP as a consequence of 
prolonged hyperandrogenic state in inadequately 
treated congenital virilizing adrenal hyperplasia (67). 
Patients with this disorder may initially have PPP but 
later develop CPP after prolonged excessive androgen 
stimulation. 


Peripheral Precocious Puberty 


In this disorder, the secretion of testosterone is inde- 
pendent of GnRH. Affected individuals do not have a 
pubertal response to GnRH stimulation and may have 
suppressed gonadotropin concentrations. Usually, the 
testes are smaller than expected from the serum testos- 
terone level. 

The causes of PPP include congenital adrenal 
hyperplasia (CAH), hCG-secreting tumors, virilizing 
adrenal tumors, testicular tumors, testotoxicosis, 
McCune-Albright syndrome, and longstanding 
hypothyroidism. 


Congenital Adrenal Hyperplasia 

Undiagnosed or undertreated CAH due to 21-hydrox- 
ylase deficiency is the most common cause of PPP in 
boys. Approximately 75% of patients with CAH due to 
21-hydroxylase deficiency have salt loss resulting from 
impaired aldosterone secretion and low serum sodium 
and high serum potassium levels. Increased plasma 
concentrations of 17-hydroxyprogesterone, advanced 
bone age, and rapid growth are characteristic findings 
(68). One-fourth of patients with CAH are non-salt 
losers; these boys may escape early diagnosis and pres- 
ent with virilization during childhood. 

Germ cell or mixed germ cell tumors, hepatomas, 
and hepatoblastomas may secrete hCG. Boys with 
these hCG-secreting neoplasms may have slightly 
enlarged testes and may be difficult to differentiate 
from boys with CPP on the basis of physical examina- 
tion (69). Plasma hCG levels are elevated without an 
increase in the concentration of FSH or LH (69). The 
prevalence of mediastinal germ cell tumors is increased 
30 to 50 times in boys with Klinefelter’s syndrome. 


Virilizing Adrenal Tumors 
Virilizing adrenal carcinomas and adenomas secrete 
large amounts of DHEA, DHEAS, and, occasionally, 
testosterone. Rare adrenal adenomas produce both tes- 
tosterone and aldosterone, leading to precocious 
puberty and hypertension with hypokalemia (70). 
Adrenal rests, or heterotopic adrenal tissue in the 
testes, may enlarge with endogenous corticotropin 


stimulation in boys with undiagnosed or undertreated 
CAH and may mimic interstitial cell tumors, occasion- 
ally leading to massive enlargement of the testes. 


Leydig Cell Tumor 

This testicular tumor may cause sexual precocity. It 
causes a unilateral enlargement of the testes. These 
tumors must be differentiated from testicular adrenal 
rest cell hyperplasia, which usually occurs bilaterally, 
and may be seen in patients with poorly controlled 
CAH. Most of these tumors are benign and present in 
boys less than six years of age. 


Familial Testotoxicosis 

Affected boys have penile enlargement, which may be 
present at birth, and bilateral enlargement of the testes 
to the early or mid-puberty range. Basal and GnRH- 
stimulated gonadotropins are prepubertal. Plasma tes- 
tosterone levels are in the normal pubertal or adult 
range. If untreated, affected individuals may have 
superimposed CPP (71). This condition is caused by 
heterozygous activating mutations of the Gs protein- 
coupled LH/hCG receptor. It is commonly inherited 
as a male-limited autosomal dominant trait. 


McCune-Albright Syndrome 

This syndrome, which occurs far more frequently 
in females than in males, includes a unique form of 
PPP in which there is an activating missense mutation 
in the gene for the a-subunit of the Gs protein—the 
G protein that stimulates cAMP formation (72). 
Abnormalities consist of localized osseous lesions 
(polyostotic fibrous dysplasia), melanotic cutaneous 
macules (café au lait spots), and endocrinopathy. 
Endocrinopathies may include sexual precocity, hyper- 
thyroidism, hyperadrenocorticism, pituitary gigan- 
tism, and hypophosphatemia. 


Longstanding Hypothyroidism 

This is an uncommon cause of PPP in boys, in which 
precocious puberty may occur in association with 
impaired growth and delayed bone age (73). The signs 
of sexual maturation are not accompanied by a puber- 
tal growth spurt; rather, growth is impaired. In some 
cases, there is an enlargement of the sella turcica and 
pituitary gland, which has led to misdiagnosis of a 
pituitary neoplasm. 


Treatment 


Treatment of CPP is indicated to prevent progression 
of puberty, untimely statural growth, the development 
of associated psychosocial problems, and foreshort- 
ened adult height (74). 

Three principal agents have been used in the 
treatment of CPP, whether idiopathic or neurologic: 
medroxyprogesterone acetate, cyproterone acetate, 
and GnRH agonists. The first two drugs have been 
replaced by GnRH agonists; at present, they are useful 
as backup agents for occasional patients who develop 
untoward effects from GnRH agonist therapy. 
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Chronic administration of GnRH agonists sup- 
presses LH and FSH release, gonadal steroid output, 
and gametogenesis after an initial, brief stimulation of 
gonadotropin release (75). Suppression is due to bind- 
ing of the agonist to the GnRH receptors on gonado- 
tropes and desensitization of the gonadotropes to GnRH. 
Various agonists are available, but the intramuscular 
depot formulation of leuprorelin (leuprolide acetate) is 
the most commonly prescribed; it is safe and effective 
(76). Careful monitoring of serum gonadotropins and 
gonadal steroids is necessary for the evaluation of effec- 
tiveness of the treatment. Untoward reactions to GnRH 
agonists include local and systemic allergic reactions, 
sterile abscess, and weight gain. Changes in secondary 
sexual characteristics occur within the first six months 
of therapy: the pubic hair thins, the testes decrease in 
size, acne and seborrhea regress, penile erections and 
masturbation become much less frequent, high energy 
levels and aggressive behavior diminish, and self-esteem 
improves. From the second year on, height velocity for 
bone age is usually appropriate. 

Treatment of PPP depends on the diagnosis: if 
there is an underlying cause resulting in early puberty, 
medical therapy involves treatment of this cause, if 
possible. Examples of treatment for underlying condi- 
tions include surgery and radiation or chemotherapy 
for tumors of CNS, ectopic gonadotropin-producing, 
testicular, or adrenal origin. 

Treatment with glucocorticoids and mineralocor- 
ticoids (when appropriate) suppresses the abnormal 
androgen secretion and arrests virilization and corrects 
electrolyte imbalance. 

In testotoxicosis and McCune-Albright syn- 
drome, ketoconazole and, recently, the more potent 
aromatase inhibitors have been used to suppress 
gonadal and adrenal biosynthesis. Secondary CPP 
often occurs when the bone age advances to or has 
already reached the pubertal range, at which time 
addition of a GnRH agonist is appropriate. Another 
approach involves the use of the antiandrogen, spi- 
ronolactone, combined with testolactone, an inhibitor 
of the conversion of androgens to estrogens. Recently, 
tamoxifen, a potent antiestrogen agent, has been 
proposed as an alternative treatment in patients with 
McCune-Albright syndrome (77). 

Treatment with levothyroxine in patients with 
longstanding hypothyroidism not only corrects the 
hypothyroid state, but may reverse the incomplete 
sexual maturation and pituitary enlargement (when 
associated). 


O CONCLUSION 


During the last decade, intensive basic and clinical 
research has enhanced the understanding of the normal 
physiology of puberty. Using this knowledge, it is 
essential to determine which patients should undergo 
an in-depth evaluation and which conditions should 
be considered normal variants. 
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Most boys with CDGP will undergo normal 
puberty without intervention; however, androgen 
therapy may have beneficial effects on bone-mineral 
density and body composition, in addition to its psy- 
chological benefits. 

Delayed puberty may be secondary to insuffi- 
cient pulsatile secretion of GnRH (hypogonadotropic 
hypogonadism) or testicular failure despite high levels 
of gonadotropins (hypergonadotropic hypogonad- 
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O INTRODUCTION 


The male varicocele and its association with infertility 
have been recognized for many centuries. In De 
Medicina, written during the first century A.D., Celsus 
credits the Greeks with the first description of a varico- 
cele and then remarks on veins that “are swollen and 
twisted over the testicle, which becomes smaller than 
its fellow, in as much as its nutrition has become defec- 
tive” (1). Improvements in semen quality after varico- 
cele repair were first suggested by Barwell in 1885, 
Bennett in 1889, and Macomber and Sanders in 1929 
(2-4). In spite of these reports, surgical repair of the 
varicocele was virtually forgotten until 1952, when the 
Edinburgh surgeon Selby Tulloch demonstrated the 
restoration of fertility following excision of bilateral 
varicoceles in an azoospermic patient (5). Since then, 
thousands of studies on the diagnosis and surgical 
correction of varicoceles have appeared in the litera- 
ture. Unfortunately, this entire body of experimental 
evidence has been able to neither identify the mecha- 
nism of spermatogenesis impairment nor explain why 
surgical correction improves semen parameters. This 
chapter will discuss the diagnosis and consequences of 
varicoceles, review the etiology and hypothesized 
mechanisms of gonadal effect, and explore treatment 
options and complications, with a brief consideration 
of the adolescent varicocele. 


Definition/Prevalence 


Defined as an abnormal dilatation of the veins of the 
pampiniform plexus within the spermatic cord, 
varicoceles have traditionally been reported predomi- 
nantly on the left side (77-92%), with isolated right- 
sided (1%) and bilateral varicoceles (10%, range 
7-22%) reported much less commonly (6,7). Varicoceles 
present almost exclusively after puberty (8) and are 
often discovered during an infertility evaluation. They 
are congenital in origin, although acquired lesions 
have been described in association with renal tumors, 
retroperitoneal masses, lymphadenopathy, thrombo- 
sis or occlusion of the vena cava, and situs inversus 
(9). While large varicoceles are typically asymptom- 
atic, they may occasionally present as a persistent, 
aching discomfort often described by patients as a 
“heavy” sensation. This feeling of heaviness is almost 


always relieved on the adoption of a supine position 
because of varicocele collapse. 

The mean incidence of varicocele is between 10% 
and 15% of the male population (10-12). In men pre- 
senting with primary infertility, these figures rise to 
35%, with one large, recent prospective study suggest- 
ing that bilateral varicoceles may be as common as 80% 
in this population (13). Men with secondary infertility 
(i.e., men who were previously fertile) have a varico- 
cele incidence of 69% to 81% (14-16). The increased 
frequency in cases of secondary infertility suggests 
that varicoceles progressively harm spermatogenesis 
and that prior fertility in men with varicocele does not 
confer resistance to its progressive, deleterious effects 
(17). Furthermore, since the generally accepted inci- 
dence of infertility in males is 5%, it is important to 
remember that varicoceles are present in many men 
with normal fertility (18,19). In fact, the largest study 
of varicoceles to date by the World Health Organization 
found varicoceles in 25.4% of 3626 men with abnormal 
semen analyses and in 11.7% of 3468 men with normal 
semen (20). Interestingly, varicocele incidence is 53% 
in first-degree relatives of men with varicocele, with 
no correlations between size or bilaterality (21). 


O ANATOMY AND PATHOPHYSIOLOGY 


It is particularly important to consider the testicular 
vascular anatomy in order to understand proposed 
pathophysiologic mechanisms of varicoceles and the 
high frequency of their occurrence on the left side. 


Anatomic Etiology 


The arterial supply to the testis has three major compo- 
nents: the testicular artery, the cremasteric artery, and 
the vasal artery. Although most arterial blood in the 
testis derives from the testicular artery, rich collateral 
testicular circulation allows adequate perfusion of the 
testis even if the testicular artery is injured or ligated 
(22-24). Venous drainage of the testis is provided by the 
pampiniform plexus, which leads into the testicular 
(internal spermatic), vasal (deferential), and cremasteric 
(external spermatic) veins. Since spermatic vein varicoc- 
ities are discovered almost exclusively around the age 
of puberty, it is likely that the normal physiologic 
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changes that occur during puberty result in increased 
testicular blood flow, exposing underlying venous 
anomalies to overperfusion and, eventually, to clinically 
evident venous ectasia (25). 


Increased Venous Pressure 


Differences in the configuration of the right and left 
internal spermatic veins are thought to contribute to 
marked left-sided internal spermatic vein tortuosity, 
dilation, and retrograde blood flow (25). Venous blood 
from the right testicle drains into the inferior vena cava 
at an oblique angle (approximately 30°). This angle, 
coupled with greater inferior vena caval flow (termed 
the “Venturi effect”), is thought to enhance right-sided 
drainage (26). Comparatively, the left testicular vein 
drains perpendicularly into the left renal vein (approx- 
imately 90°). The insertion into the left renal vein 
occurs 8 to 10 cm more craniad than the insertion of the 
right internal spermatic vein, resulting in a left-sided 
8- to 10-cm higher hydrostatic column with increased 
pressure and a relatively slower flow of blood in the 
upright position (27). The left renal vein may also be 
compressed proximally between the superior mesen- 
teric artery and the aorta (0.7% of varicocele cases) as 
well as distally between the left common iliac artery 
and vein (0.5% of varicocele cases) (28). This “nut- 
cracker phenomenon” may also result in increased 
pressure in the left testicular venous system. 


Collateral Venous Anastomoses 


Detailed anatomic studies have demonstrated a super- 
ficial and deep anastomotic drainage system, along 
with left-to-right venous communications at the ure- 
teric (L3-5), spermatic, scrotal, retropubic, saphenous, 
sacral, and pampiniform plexi (28-30). The left sper- 
matic vein branches into medial and lateral divisions 
at the L4 level in almost all men (30)—findings that 
must be taken into consideration when choosing a 
treatment for varicocele. In particular, procedures 
performed above the level of L4 are at higher risk of 
failure due to the multiple divisions of the spermatic 
venous system (30). 


Incompetent Valves 


In 1966, Ahlberg proposed that testicular veins con- 
tained valves that were protective against varicoceles, 
and it was their lack or incompetence on the left side 
that caused varicoceles (31). In support of his argument, 
he found an absence of valves in 40% of postmortem 
left spermatic veins compared with 23% absence on the 
right. Doubt has been cast on this theory, however, as 
recent radiographic studies by Braedel et al. (32) found 
that 26.2% of patients with a competent valve system 
still had a varicocele present. Some modern anatomists 
have even proposed that there are no valves in either 
the right or left spermatic vein system (30,33). 

Overall, there are multiple theories to explain 
varicocele formation. For the clinician, it is beneficial to 


know this background in order to review anatomy 
with patients and to explain, at least anatomically, why 
varicoceles exist. Despite these various etiologies, the 
larger question still looms: “Why do varicoceles cause 
detrimental effects on testicular function?” 


Pathophysiologic Mechanisms of 
Varicocele Effect 


Several mechanisms have been hypothesized to explain 
the phenomenon of subfertility found in men with 
unilateral or bilateral varicocele, including increased 
intrascrotal temperatures causing bilateral gonadal 
dysfunction, reflux of renal and adrenal metabolites 
from the renal vein, hypoxia, and accumulation of 
gonadotoxins. 


Bilateral Dysfunction 


Like many other aspects of varicoceles, the cause of 
bilateral testicular dysfunction in the presence of a 
unilateral varicocele is still under investigation. 
Retrograde right-sided venous flow has been demon- 
strated in men with left-sided varicoceles and has been 
proposed as a possible mechanism (34). Venographic 
and pressure studies of the right venous plexus have 
been explored and have all been found to be normal 
(35,36). The most likely mechanistic hypothesis was 
proposed in the early 1970s by Zorgniotti and MacLeod, 
in which clinical data on oligospermic men with vari- 
coceles revealed intrascrotal temperatures that were 
0.6°C higher than in oligospermic patients without 
varicoceles (37). Saypol et al. (27) and Green et al. (38) 
both described increased bilateral testicular blood flow 
and temperature in experimental animal models fol- 
lowing artificial production of a unilateral varicocele. 
Additionally, subsequent repair of the varicocele 
resulted in the normalization of flow and temperature 
(27,38). Since then, researchers have demonstrated that 
DNA polymerase activity and the enzymes of DNA 
recombination in germ cells are temperature sensitive, 
with optimal activity at 33°C. Temperature for protein 
synthesis in round spermatids has been shown to be 
optimal at 34°C (39,40). Germ-cell proliferation may be 
affected by the increased temperature from the varico- 
cele due to inhibition of one or more of these important 
enzymes. Hyperthermic injury is consistent with the 
reduction in spermatogonal numbers as well as apop- 
tosis observed in testis biopsy samples from patients 
with a varicocele (41). Despite these findings, not all 
investigators have found an association between 
higher intratesticular temperatures and varicoceles 
(42,43), leading to the development of alternate mecha- 
nistic theories. 


Reflux of Vasoactive Metabolites 


Because the left adrenal and gonadal veins drain in 
close proximity to each other at the renal vein, MacLeod 
(44) proposed that metabolites derived from the kidney 
or adrenals may reflux into the gonadal vein. If these 


metabolites were vasoactive (such as prostaglandins), 
he postulated that they could have deleterious effects 
on testicular function. Results from animal and human 
studies have not supported this theory, however. 
Elevated levels of norepinephrine, prostaglandin E and 
F, and adrenomedullin (a potent vasodilator) have been 
identified within the spermatic vein of men with vari- 
cocele (45-47). Other metabolites such as renin, dehy- 
droepiandrosterone, or cortisol have not been identified 
(48). Some authors contend that even in the presence of 
metabolites, reflux does not alter spermatogenesis (49). 


Hypoxia 


In 1980, Shafik and Bedeir theorized that differences in 
pressure gradients (and subsequent oxygen gradients) 
between the renal and gonadal vein may cause hypoxia 
within the gonadal vein (35). Two other “hypoxia” 
theories have also been proposed: increased venous 
pressure with exercise resulting in hypoxia (50) and 
stasis of blood causing reduced oxygen tension (51). In 
support of these, Tanji et al. (52) reported that men 
with varicoceles were more likely to have “atrophy- 
pattern” cremasteric fibers on histochemical studies, a 
denervation-type injury thought to be due to hypoxia. 
Despite these findings, no significant difference 
between control and varicocele blood gas oxygen 
patterns in animal models has been proven (53). 


Gonadotoxins 


Several studies have demonstrated that smoking in the 
presence of a varicocele has a greater adverse effect 
than either factor alone (54,55). Smokers have at least a 
twofold increase in the incidence of varicoceles (56), 
and those with varicoceles have a tenfold increase in 
the incidence of oligospermia when compared to non- 
smokers with varicoceles. Nicotine has been implicated 
as a cofactor in the pathogenesis of varicoceles in 
animal studies as well as the chemotherapeutic agent 
cyclophosphamide (55). Cadmium, a well-recognized 
gonadotoxin that causes apoptosis, has been found in 
significantly higher testicular concentrations in men 
with varicocele and decreased spermatogenesis than 
in men with varicocele and normal spermatogenesis or 
obstructive azoospermia (57). Further work in this area 
continues to generate interest, and perhaps future 
efforts will elicit the exact mechanism of action. 


O DIAGNOSIS AND CONSEQUENCE OF 
VARICOCELE 
Diagnosis 


Although a multitude of radiologic and physical exam 
techniques exist for describing varicoceles, the lack of 
quantitative gold standards for classifying varicoceles 
has made it difficult to perform comparative studies 
and outcome analyses (17). Most clinicians agree, 
however, that a diligent physical examination is the 
cornerstone for diagnosis. 
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Physical Examination 


The examination is initially performed ina warm room 
with the patient standing, to accentuate venous dilata- 
tion (58). The scrotum should first be carefully observed 
for a bluish distention of the dilated cord veins. If the 
varicocele is not visually apparent, the cord structures 
should then be bilaterally palpated, with Valsalva 
maneuver (which tends to distend venous cord struc- 
tures) as well as without Valsalva. A palpable varico- 
cele has been described as feeling like a “bag of worms,” 
although in less obvious cases, there may be simple 
asymmetry or thickening of the cord (58). The exami- 
nation should continue with the patient supine, pri- 
marily to differentiate a cord lipoma (thickened, fatty 
cords found while standing that do not disappear 
when supine) from a varicocele. Palpation and mea- 
surement of the testicle using an orchidometer (for 
consistency and size, respectively) may also give the 
clinician insight into intragonadal pathology. 
Classically, if disproportionate testicular lengths or 
volumes are found, the index of suspicion for a varico- 
cele should increase (59). 

Varicoceles have been arbitrarily assigned a 
clinical grading classification (Table 1). Although this 
system allows practitioners to clinically follow their 
own patients more easily (60,61), it is subjective in 
nature and has developed without validation. In a 
physical examination study, Hargreave compared the 
physical findings by two experienced clinicians and 
found disagreement in 26% of the patients (62). Yet, 
the authors of this paper feel that the optimal diagno- 
sis of varicocele can still be made by a skilled clinician 
with an acceptable degree of error despite inherent 
flaws in both physical examination techniques and the 
current grading system. In an effort to ameliorate the 
present inconsistencies in the classification and 
diagnosis of varicoceles, however, various radiologic 
modalities including ultrasound, venography, ther- 
mography, scintigraphy, and magnetic resonance 
imaging (MRI) continue to be studied. 


Ultrasonography 


Color Doppler ultrasound (CDUS) is a simple, inexpen- 
sive, noninvasive, objective method that may be used 
to investigate the scrotum not only for the presence of 
varicocele but also for other pathologic processes and 
the documentation of testicular size (63,64). Sensitivities 


Table 1 Classification of Varicocele 


Grade Physical examination findings 


l Detectable by palpation with difficulty 
More prominent with Valsalva 
ll Detectable easily by palpation 
More prominent with Valsalva 
Not visible through scrotal skin 
Ill Palpable without Valsalva 
Visible through scrotal skin 
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are reportedly as high as 97% (65), with specificities 
around 94%. Generally, varicoceles are considered 
present by gray scale evaluation if two or more veins 
are identified, with at least one vein having a diameter 
of 3 mm (63-65). Dilated veins that are 5 mm or larger 
in diameter have been proven to be almost always 
clinically palpable (66). 

In 1991, Petros et al. hypothesized that retro- 
grade flow within the pampiniform plexus detected 
on color Doppler sonography was diagnostic of vari- 
cocele regardless of the dimensions of the veins 
involved (63). Two small subsequent papers, however, 
disputed these controversial findings: in 1993, Aydos 
et al. demonstrated that 59% to 83% of their infertile 
male patient population had reflux detected by CDUS 
without clinical evidence of varicocele (67), and Eskew 
et al. subsequently published that CDUS reflux was 
relatively insensitive for the detection of venographi- 
cally confirmed varicoceles in a population of 33 men 
with possible male-factor infertility (68). In addition to 
identifying retrograde flow with questionable mean- 
ingfulness, ultrasonography sensitivity has also 
progressed to detecting scrotal varicocities that are 
too subtle to identify on physical examination, known 
as “subclinical varicoceles.” Studies continue to be 
published concerning the development of criteria to 
differentiate pathological from physiologically normal 
components of testicular vasculature (69). Because of 
these reasons, scrotal ultrasound is not routinely used 
in the varicocele evaluation. Further, ultrasound is 
extremely operator dependent (70), and improper 
interpretations of flow or subclinical findings of 
unknown significance may lead to unwarranted 
surgical procedures. 


Venography 


Historically, radiologic placement of contrast through a 
catheter tip into the spermatic vein orifice (venography) 
is considered the best diagnostic test for varicocele (17). 
Result reproducibility is high, assessment of anatomy 
and presence of reflux is feasible, and simultaneous, 
immediate treatment with embolization (detachable 
coils or balloons) or sclerosing therapy is certainly an 
option (71). The procedure is invasive, however, and 
has associated complication rates (see section 
“Treatment”). Most authors agree that variations in 
operator technique and the lack of standardization for 
contrast injection pressures make the assessment of 
results and outcomes difficult. When used exclusively 
for diagnostic purposes, venography is recommended 
only in the subset of patients with recurrent varicoceles 
post varicocelectomy to aid in the detection of aberrant 
venous drainage (58). 


Thermography, Scintigraphy, and MRI 


Originally described in 1979 using scrotal skin contact 
strips (72), thermography assessment of varicoceles is 
an infrequent form of varicocele evaluation. Although 
newer liquid crystal contact strips have been developed, 


multiple studies have found these strips to be unreliable 
during the physical exam (sensitivity 97% and specific- 
ity 9%) (65,73). More promising is the development of a 
fairly sensitive, focal-plane-array thermal imaging 
camera designed to look for asymmetrical patterns of 
scrotal temperatures. Small, promising correlation stud- 
ies between thermography and venography have 
recently been published and may have some promise 
for future varicocele diagnosis (74). Published studies 
on ”™Tc-based compound scintigraphy time-activity 
curves as well as the use of gadolinium-enhanced mag- 
netic resonance angiography to evaluate varicoceles 
have not been demonstrated to be clinically reliable and 
are limited by the need for sophisticated equipment and 
cost (75,76). 


Consequence of Varicocele 


Once the diagnosis of varicocele is made, a discussion 
of its relevance to infertility may be warranted, partic- 
ularly in the case of male patients presenting with 
infertility problems. 


Semen Analysis 


Although studied extensively, there is no consensus on 
the relationship between varicocele and changes in 
semen count, motility, or morphology. MacLeod (44) 
introduced the following varicocele-associated impair- 
ments in semen parameters in 1965: a decrease in 
motility (observed in 85% of study patients), oligosper- 
mia (defined as a sperm concentration of less than 
20x10° and observed in 65% of study patients), as well 
as the concept of “stress pattern.” MacLeod’s classic 
description of stress pattern included the following 
characteristics: greater than 15% of sperm having a 
tapered shape (tapered forms), immature cells of the 
germinal line (typically, early spermatids), and 
increased amorphous cells. MacLeod did acknowledge 
that similar morphologic changes were present in 
infertile patients without varicocele, including those 
suffering from viral illness, acute allergic reactions, 
and other environmental insults with antispermato- 
genic agents (44). Multiple other papers have subse- 
quently affirmed that “stress pattern” is not specific for 
varicocele and can be found in infertile patients with- 
out varicocele (77,78). Fertile men with varicoceles do 
not, in general, exhibit the stress pattern of tapered 
spermatozoa (20,79). 

Moro (80) discovered that 20% of men with 
varicocele and severe oligospermia (defined as a 
sperm concentration less than 5 million/mL) have 
microdeletions of the Y chromosome. Three recent 
studies in men with large varicoceles (Grade III) and 
varicocele-associated testicular atrophy have demon- 
strated lower sperm counts and motility than men 
with smaller varicoceles or without atrophy, respec- 
tively (81-83). Overall, there is no reliable, predictable 
relationship between semen parameter changes and 
varicoceles. While abnormal semen parameters do not 
confirm nor exclude a varicocele, they do, however, 


provide insight into abnormal testicular function and 
may be followed serially when treating men with 
varicoceles and infertility. 


Pathologic and Endocrine Changes 


Alterations in testicular tissue and the hypothalamic- 
pituitary axis in men with varicoceles have repeatedly 
been proven. Apoptotic germ cells are increased to 10% 
in men with varicocele compared with 0.1% in normal 
fertile controls (84). Histologic changes present in both 
testicles in the presence of unilateral varicocele include 
tubular thickening, interstitial fibrosis, decreased sper- 
matogenesis in seminiferous tubules, degenerative 
changes in Leydig and Sertoli cells, and maturation 
arrest (85). Lastly, multiple adult and adolescent stud- 
ies have demonstrated that the presence of a unilateral 
varicocele causes a progressive decline in testicular 
function over time (14,15,59,86-88) as well as impaired 
ipsilateral testicular growth (20,89). 

Elevations in serum follicle-stimulating hormone 
(FSH) (90) and abnormal gonadotropin releasing 
hormone (GnRH) stimulation tests (91) are occasionally 
present in subfertile men with varicocele, but no cau- 
sality has been established in most cases. Serum lutein- 
izing hormone and testosterone levels in men with 
varicoceles are quite variable and not reliably predic- 
tive (90-94). Some have speculated that variable serum 
testosterone findings in men with varicocele may relate 
to compensatory Leydig cell hyperplasia (17), suggest- 
ing that the majority of men with varicoceles are fertile 
because they start with “high spermatogenic potential” 
and thus “remain within the fertile range despite the 
adverse effect of the varicocele” (95). 

Overall, it is clear that varicoceles are detrimen- 
tal to testicular spermatogenesis. They are associated 
with testicular decline over time and may or may not 
show systemic endocrine effects. Most importantly, 
physicians should remember that the presence of a 
varicocele alone does not necessarily translate into 
infertility. Other causes of infertility such as the female 
factor and microdeletion of the Y chromosome should 
be explored if clinically applicable. 


O TREATMENT 


For a young couple faced with infertility, surgery may 
be one of the most difficult decisions they have faced, 
as it may produce financial hardship in the form of 
medical bills or lead to partner frustration, guilt, or 
blame. Care should be taken to counsel both partners 
correctly on all potential outcomes of varicocele repair 
in the presence of infertility. In the following brief 
review of the literature, each of the following concerns 
is addressed: predictive factors (i.e., men who have 
been shown to benefit from varicocele repair), surgical 
and nonsurgical options and complications, and the 
expected effects on semen analysis, testicular growth, 
and fertility rates after repair. 
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Predictive Factors 


When counseling patients on varicocele treatment, it is 
helpful to consider certain clinical parameters as pre- 
dictive factors for improved outcome (Table 2). In fact, 
a key to providing appropriate patient counseling for 
the treatment for varicoceles involves an understand- 
ing of varicocelectomy outcomes data. Three recent 
series have demonstrated an inverse relationship 
between preoperative semen values and varicocele 
size, with greater improvement in semen parameters 
and pregnancy rates after repair of larger varicoceles 
(82,96,97). Varicocele repair has been shown to be effi- 
cacious in patients with a “total motile sperm count” 
that is greater than five million (98,99) and in patients 
with low to normal morphology in the presence of 
oligospermia (100). As discussed previously, testicular 
hypotrophy is associated with decreased sperm count, 
and, in correlation, Yoshida et al. found testicular 
volume greater than 30 cc to be an independent pre- 
dictor of fertility following varicocelectomy (97). 
Repair of subclinical varicoceles remains controversial, 
as two poorly designed studies suggested a statistical 
improvement in seminal parameters (7,71) but did not 
demonstrate a meaningful effect on pregnancy rates 
(101). A large noncontrolled trial in men with subclini- 
cal varicocelectomy showed no change in mean sperm 
count in over 260 men (102). 

Men with Y-chromosome microdeletions or 
Sertoli-cell-only azoospermia do not typically benefit 
from a varicocelectomy (100,103). Normal serum FSH 
levels were shown by Yoshida to be predictive of 
increased postoperative fertility following repair (97). 
Strengthening this finding, Schrepferman et al. found 
that men with varicoceles and elevated FSH levels 
demonstrated a poor response to varicocelectomy (99). 

In all, these outcome data are meant to guide the 
decision-making process. It is important to note that 
factors of anatomy, physiology, and endocrinology are 
often interrelated and, therefore, each patient's infertil- 
ity evaluation should be treated as a unique continuum 
of gonadal effects. 


Treatment Options 


Treatment options include surgical repair or nonsur- 
gical management via transvenous varicocele abla- 
tion. Surgical repair of varicoceles may occur by any 
one of five different approaches: retroperitoneal, lapa- 
roscopic, inguinal, subinguinal, orscrotal. Transvenous 
varicocele ablation includes embolization (using 
detachable coils or balloons) or sclerosing therapy. 


Table 2 Factors Associated with Improved Outcomes Following 
Varicocelectomy 


Grade III varicocele (82,96,97) 

Normal testicular exam (>20 cc) (97) 

Normal serum follicle-stimulating hormone levels (97) 
Total motile sperm count>5x 10° (98,99) 
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The advantages and disadvantages to each approach 
are briefly reviewed here. 

The retroperitoneal (also called “high ligation” or 
“modified Palomo”) approach involves splitting the 
abdominal musculature low along the mid-axillary line 
and offers easy access to the spermatic vein just above 
the level of the internal inguinal ring. The vein is freed, 
anastomosing collaterals are identified, and all veins 
are ligated as superiorly as possible toward the renal 
vein. This approach offers a greatly reduced risk of 
damage to the testicular artery, as it is distinctly sepa- 
rate from the spermatic veins at this level. Most authors, 
however, report increased postoperative hydrocele 
formation (7-33% of adults and 15-45% of children) 
(104) as well as high varicocele recurrence rates in both 
men and children (up to 15%) (105,106); both of these 
trends are likely due to the large number of crossing 
vessels present prior to the confluence of the testicular 
veins. This procedure may now be performed with 
laparoscopy, allowing for excellent visualization of the 
spermatic veins and easy preservation of the lymphat- 
ics. While the laparoscopic technique results in a 
similarly high rate of recurrence, laparoscopic compli- 
cations are rare (less than 1%) and are related to initial 
abdominal access (solid organ, bowel, or vascular 
injury), pneumoperitoneum (ventilation impedence, 
hypotension secondary to impeded venous return, and 
gas embolism), tissue dissection, or incisional hernia 
formation. Even with the possibility of improved 
technical precision, the significant disadvantages of 
increased operative time and the associated high equip- 
ment costs have caused the laparoscopic approach to 
fall out of favor (107). 

The inguinal approach or modified Ivanissevich 
procedure is one of the most commonly used tech- 
niques today, as it allows for high ligation of both 
external cremasteric and testicular veins. After induc- 
tion with general anesthesia or under local anesthesia, 
access to the spermatic cord is obtained by incising the 
external oblique aponeurosis, similar to the technique 
used in performing inguinal hernia repair. Surgical 
loupes, papaverine, and intraoperative Doppler sonog- 
raphy may aid in the identification of the testicular 
artery. Preservation of the lymphatics is extremely 
important in decreasing the risk of postoperative 
hydrocele formation (100). 

Although similar to the inguinal approach, the 
subinguinal (or low inguinal) approach is performed 
just below the external oblique fascia, obviating the 
need to disrupt this aponeurosis (108,109). Intra- 
operative magnification by use of a microscope is 
commonly employed (110), and most patients have 
less postoperative pain and activity restrictions after 
surgery as a result. The major drawbacks of subingui- 
nal varicocelectomy include a greater risk of damage 
to the numerous branches of spermatic veins as well 
as to the testicular artery, which maintains a more 
intimate relationship with the veins at this level. This 
procedure is also more technically challenging than 
the inguinal approach. Yet, subinguinal varicocelectomy 


remains ideal for patients with a history of previous 
inguinal surgery, including hernia repair or previous 
varicocelectomy. 

The oldest technique for varicocelectomy, the 
scrotal approach, has largely been abandoned by 
modern urologists. Although somewhat effective, high 
complication rates include injury to small branches of 
the testicular artery, testicular atrophy, and hydrocele 
formation in as many as 40% of the patients (111). 

Nonoperative, percutaneous methods of varico- 
cele treatment are offered by the interventional radiol- 
ogist. Venography is first performed through a jugular, 
basilic, or femoral vein stick. Varicocele ablation then 
occurs either by the use of balloon or coil placement or 
the injection of a sclerosing agent. The success of these 
procedures is highly operator dependent and cannot 
always account for anatomic variations. There is also a 
higher recurrence rate (15-25%) when compared to 
newer surgical techniques (0-1%). Rare but serious 
complications include vascular perforation, coil or 
balloon migration, sclerosis of testicular or renal veins, 
and allergic contrast reaction (112). As percutaneous 
interventions may be performed under local anesthe- 
sia, this treatment option is often chosen for those 
patients who cannot tolerate general anesthesia for 
their varicocelectomy or for men with recurrent 
varicocele following open varicocelectomy. 


Complications 


In addition to technique-associated complications and 
routine postoperative wound infections or hematomas, 
varicocelectomy is associated with three specific major 
complications: hydrocele formation, recurrent varico- 
cele, and testicular atrophy secondary to damage of 
the testicular artery (Table 3). 

The most frequent complication of varicocelec- 
tomy is hydrocele formation, occurring in as many 
as 30% of the patients, depending on the technique. The 
etiology is likely that of lymphatic obstruction, evi- 
denced by the high average protein content of postvari- 
cocelectomy hydroceles compared to that of edematous 
fluid produced by venous obstruction (104). Formation 
of hydrocele requires surgical intervention due to 
scrotal discomfort in at least 50% of the cases. Use of 
magnification to identify and preserve lymphatics can 


Table 3 Complications of Varicocelectomy 


Potential 
Hydrocele Failure for serious 
Technique (%) (%) morbidity 
Retroperitoneal 7 15-25 No 
Historical inguinal 3-30 5-15 No 
Laparoscopic 12 5-15 Yes 
Radiographic/ 0 15-25 Yes 
embolization 
Microscopic or loupe <1 1-3 No 


inguinal; subinguinal 


Source: From Ref. 113. 


virtually eliminate the risk of hydrocele formation after 
varicocelectomy (100,109,110). 

Incidence of vascular compromise via injury or 
ligation of the testicular artery during varicocelectomy 
is impossible to measure, but scattered case series have 
been published. Startzl (114) reported a 14% incidence 
of frank testicular atrophy when the testicular artery 
was purposefully ligated during renal transplantation, 
but Goldstein and coworkers (115) reported neither 
the development of pain, testicular atrophy, nor a 
worsening of semen parameters after the inadvertent 
ligation of the internal spermatic artery in 18 patients 
during varicocelectomy. In most adults, if intentional 
or inadvertent testicular artery ligation occurs, collat- 
eral circulation will be provided by the cremasteric 
and vasal arteries. Rare cases of testicular ischemia and 
even complete testicular loss, however, have been 
reported in men with a history of previous groin or 
scrotal surgery, especially vasectomy (116). Care 
should be taken to forewarn patients of this terrible 
potential complication. 

Recurrent or persistent varicocele after surgical 
repair varies from 0.6% to 45% depending on the tech- 
nique. The microsurgical approach using optical 
loupes lowers the incidence of varicocele recurrence 
to only 1% to 2% amongst children, adolescents, and 
adults equally, compared with 9% to 16% using non- 
magnified inguinal techniques (100,109,110,117,118). 
As previously stated, venography is recommended in 
the case of recurrent or persistent varicocele, as an 
interventional radiologist may be able to locate and 
occlude the aberrant venous drainage. 


Effect of Repair 
Semen Parameters and Testicle Growth 


Improvement in seminal parameters has been exten- 
sively demonstrated in men after surgical varicocele 
repair, including motility (70% of patients), sperm den- 
sity (51% of patients), and morphology (44% of patients) 
(89,96,110,119-130). Varicocelectomy has also been 
performed in men with nonobstructive azoospermia, 
resulting in the induction of spermatogenesis and the 
successful return of sperm to the ejaculate in approxi- 
mately 40% of cases (Table 4) (103,131-133). Over 25% 
of these men were able to father children, including 5% 
who did so without the help of assisted reproduction 
interventions. 

Varicocelectomy has also been used successfully 
in other conditions not directly related to a dysfunction 
in semen parameters. Peterson et al. in 1998 followed 
up 35 men who underwent varicocelectomy for orchal- 
gia (134). Of these, 30 (86%) had complete resolution of 
pain, one man had partial resolution, and the remain- 
ing four had persistent pain or a worsening of it (134). 
Further, varicocelectomy has been shown to signifi- 
cantly increase serum testosterone levels in young, 
infertile men (135), possibly reflecting an improvement 
in both hormonal and spermatogenic function. 
Although still under contention, varicocelectomy has 
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Table 4 Improvements in Motile Sperm and Unassisted 
Pregnancy 


Motile sperm Pregnancy? 


Study N (n) % (n) % 

Matthews et al., 1998 (131) 22 12 55 3 14 

Kim et al., 1999 (132) 28 12 43 0 0 

Kadioglu et al., 2001 (103) 24 5 21 NR NR 

Pasqualotto et al., 2003 15 7 47 1 7 
(133) 

Totals 89 36 40 4 5 


Note: Rates in azoospermic men after varicocelectomy. 

aUnassisted pregnancies. 

>Relapses back to azoospermia noted in five patients. 

Abbreviations: N, total men in study with complete azoospermia; NR, not 
reported. 


also resulted in significantly increased serum testoster- 
one levels in selected older men, supporting the con- 
cept that varicocelectomy may halt or even partially 
reverse Leydig cell dysfunction and age-related andro- 
gen deficiency—a clinical condition increasingly 
referred to as “andropause” (135). In adolescents, vari- 
cocele repair can also result in catch-up growth of the 
affected ipsilateral testicle (89,136,137), a result that has 
not been replicated in adults. 


Fertility 


Perhaps the most controversial issue with respect to 
varicocelectomy is the effect of repair on pregnancy 
rates. Most studies examining the effect of varicocele 
on fertility have been uncontrolled, with average preg- 
nancy rates of 30% to 60% (108,120,124,138-140). In a 
study designed to compare cost and pregnancy rates 
between intracytoplasmic sperm injection (ICSI) and 
varicocelectomy, Schlegel reported an average collated 
pregnancy rate of 33% in the varicocele repair group 
(305/928, or 95%, with a CI of 28-39%) compared with 
16% in the control group (164/999, or 95%, with a CI of 
13-20%) (141). Since 1979, only eight randomized con- 
trolled trials have been published (Table 5) (142). The 
results of these studies are limited by low pregnancy 
rates in both treatment and nontreatment groups, rais- 
ing the question of contributing female factors (143), 
biased nontreatment arms (137), publication bias (151), 
and the unintentional inclusion of men with normal 
semen parameters or subclinical varicoceles 
(143-147,151). 

In the three trials of clinically present varicoceles 
(137,148,151), all are limited by high dropout rates, 
poor methods of randomization, and significant differ- 
ences in male selection factors such as age, duration of 
infertility, and varicocele grade (142). Madgar et al. 
(148) reported a 60% pregnancy rate after one year in 
the treatment group (15/25 couples) as opposed to a 
10% pregnancy rate in the nontreatment arm (2/20 
couples). In this convincing, crossover-design study, 
the nontreated arm was followed for one year of infer- 
tility, at which point varicocele repair was performed. 
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Table 5 Randomized Controlled Studies of Pregnancy Rate Following Varicocele Repair Vs. Observation? 


Pregnancy Pregnancy 
Duration of rate rate 
N (tx/ Varicocele Typeof infertility Treatment Follow- treatment control P 
Study control) type infertility (mo) type up (mo) (%) (%) value 
Men with normal 
semen analysis 
included 
Nilsson et al., 1979 51/45 CV lg 24-96 Open 36-74 4/51 (8) 8/45 (18) 0.16 
(143) 
Breznik et al., 1993 43/36 SV, CV NR NR Open, 12-48 18/43 (42) 17/36 (47) 0.63 
(144) (corrected) emboliza- 
tion, 
sclerosation 
Male subfertility® 
with subclinical 
varicocele 
Yamamoto et al., 45/40 SV NR 12-60 Open 24-60 3/45 (7) 4/40 (10) 0.758 
1996 (145) 
Grasso et al., 2000 34/34 SV NR 212 Open 12 1/34 (3) 2/34 (6) 0.56 
(146) 
Unal et al., 2001 21/21 SV NR 212 Open 6 2/21 (13) 1/21 (7) 0.5 
(147) 
Male subfertility 
with clinical 
varicocele 
Madgar et al., 1995 25/20 CV NR 212 Open 12 15/25 (60) 2/20 (10) <0.001 
(148) 
Hargreave, 1997 67/68 CV NR 212 Open 12 (35) (17) <0.003 
(151) 
Nieschlag et al., 62/63 CV NR 212 Open, 12 18/62 (29) 16/63 (23) 0.65 
1995/1998 emboliza- 
(19,150) tion 
w/histacryl 


aUnal et al. evaluated patients with surgery versus clomiphene citrate; Nieschlag et al. evaluated patients with surgery versus psychological counseling. 


‘Yamamoto et al. had no subfertility inclusion requirements. 


Abbreviations: 1°, primary infertility; CV, clinical varicocele; NR, not reported; SV, subclinical varicocele; mo, month. 


Pregnancy rates rose fourfold (44%) in the observation 
group during the first year after surgical correction. 
Hargreave (151) published only limited results from a 
small population observed in a WHO varicocele trial. 
A larger study by Nieschlag et al. in 1998 (150) showed 
no relative benefit in 125 couples who received either 
surgical treatment or psychological counseling. 
Unfortunately, nonmicrosurgical techniques were 
used for the repairs, and follow-up was inadequate to 
determine recurrence, with most of the varicoceles 
repaired being small or moderate in size. Overall, fur- 
ther randomized, controlled clinical trials in men with 
clinically apparent varicoceles are necessary as there is 
as yet no conclusive evidence that varicocele repair 
alters pregnancy rates. 


O ADOLESCENT VARICOCELE 


The emerging condition of adolescent varicocele 
deserves mention. Several studies have revealed an inci- 
dence of approximately 15%, which is similar to that of 
adults (12). The mechanism of varicoceles in adolescent 
males is not well understood, but most population stud- 
ies suggest a causal relationship between puberty and 
the formation of adolescent varicoceles (149). 


The best clinical indication of significant testicular 
dysfunction related to the varicocele in adolescents is 
testicular growth arrest. A size discrepancy of 2 mL or 
greater between the left and right testis in this population 
(as determined most accurately by ultrasound) consti- 
tutes significant growth arrest in the left testis and 
should be the main indication for surgery (12). Reversal 
of hypotrophy by surgical correction has been reported 
in 53% to 100% of cases (21,152). Other indications for 
varicocelectomy in adolescents that have been accepted 
by most pediatric urologists include the following: a 
decrease in testicular growth by at least two standard 
deviations from normal growth curves, symptomatic 
scrotal pain, large varicoceles (Grade II), bilateral vari- 
coceles, or the presence of a solitary testicle (153). As 
GnRH stimulation studies have yet to be correlated 
with subsequent infertility and are both expensive and 
logistically difficult, its use is not currently advocated 
in the evaluation of a pediatric varicocele. 


O SUMMARY 


Varicoceles are present in a large percentage of the male 
population. The majority of these men do not encoun- 
ter any of the aforementioned sequelae, including 


scrotal pain, loss of testicular mass, testicular failure, or 
infertility. Despite the many viable hypotheses, the true 
etiology of varicocele and the mechanism of its effect 
remain unclear. Pathologic studies of varicoceles and 
their association with cigarettes have been shown to be 
detrimental to testicular spermatogenesis over time. 
For these reasons, ongoing research is required to fully 
explain the presence of varicocele and its true impact 
on the male testicle. Infertile men with oligospermia, 
large varicoceles (Grade III), and normal serum endo- 
crine measurements are most likely to benefit from var- 
icocelectomy. Treatment of varicocele-related scrotal 
pain has been demonstrated to resolve orchalgia in over 
80% of patients. Testicular atrophy in adolescents has 
repeatedly been demonstrated to result in catch-up 
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O INTRODUCTION 


Without a doubt, male genitourinary (GU) tract infec- 
tions significantly contribute to male-factor infertility. 
Considering that as many as half of all cases of couple 
infertility may be attributable to the male (1), it follows 
that the effect of GU tract infections on seminal qual- 
ity—and, indirectly, on the female reproductive tract— 
is substantial. 

The effects of GU tract infections on the male may 
take several different directions. The first is that of 
direct damage or other noxious effects to the sperm or, 
secondarily, the seminal fluid (2,3). Fortunately, these 
are the most easily treatable of the potential deleteri- 
ous effects. Usually, simple elimination of the offend- 
ing agent is required for cure. A second effect may be 
seen on the development of sperm, either by direct or 
by indirect actions (4-6). The severity of the infectious 
process may affect the body constitutionally and, as 
such, may divert the body’s metabolic energy toward 
fighting the infection and away from activity that is 
less vital to an individual’s immediate survival and 
recovery needs, such as the synthesis or maturation of 
spermatozoa (7). The adverse effects of systemic illness 
on fertility (7-9) as well as the anti-infective agents 
used to treat them (10-13) have been established. It has 
been demonstrated that while some antibiotics may 
affect spermatogenesis, others may impact seminal 
fluid quality. 

Over the years, controversy regarding the effects 
of infectious GU disease and its consequent antibiotic 
treatment on fertility has emerged, as the specific etio- 
logic agents have not always been positively eluci- 
dated (14). On the other hand, the literature also 
abounds with reports of improvements in seminal 
quality and even improved pregnancy outcomes fol- 
lowing empiric antibiotic treatment of the male (15- 
17). Unfortunately, many of these reports are not 
controlled well enough to be able to draw cause-and- 
effect conclusions. It is possible that the microorganisms 
that may be causing the infection are not detectable by 
the usual investigations. Although several studies have 
focused on organisms such as Chlamydia, Mycoplasma, 
and Ureaplasma, among others, the findings, with some 


regard to cause and effect, have been inconsistent at 
best (18). Interestingly, some researchers have detected 
bacterial deoxyribonucleic acid (DNA) and other bac- 
terial genetic fingerprints in the GU tract of infertile 
males, but in no way does this prove the causative 
nature of bacteria in infertility (19). 


O CLASSIFICATION OF MALE 
GU TRACT INFECTIONS 
Prostatitis 


The strict, original definition of prostatitis referred to 
an infectious or inflammatory process in the prostate 
gland. This disease entity, however, was typically 
accompanied by a rather amorphous set of signs and 
symptoms that were not quantified. Over time, this 
definition was expanded by the work of Meares and 
Stamey, which showed that the prostate gland could 
sequester and thus shield bacteria from the body’s host 
defense mechanisms as well as the actions of antibiot- 
ics (20,21). Their data helped to provide a greatly 
improved understanding of the pathophysiologic 
mechanism for chronic bacterial prostatitis. Most 
recently, the definition of prostatitis has been further 
elaborated to include not only bacterial infections, but 
also nonbacterial and noninflammatory conditions 
(22). As most of these conditions involve pain, this 
symptom has evolved into the defining factor of pros- 
tatitis. A symptom score sheet has been developed and 
validated to assist in the evaluation of the prostatitis 
patient (22). 

The bacterial types of prostatitis (Categories I and 
II) are easily understood; however, it remains unclear 
which organisms may be considered pathologic and 
which commensal. Many cases are self-evident, but 
others can be confusing. For example, some cases of 
both A and B category III prostatitis may, in fact, be 
category II prostatitis, when the results of the cultures 
are assessed accurately. In the absence of culturable 
bacteria, fastidious organisms such as Mycoplasma, 
Chlamydia, and Ureaplasma can be the inciting organ- 
isms. It is still unclear if these agents cause the same 
symptoms as bacterial infections; however, they have 


198 Neal and Weinstein 


been implicated in male infertility, especially in cases 
of Chlamydia infection (1,18,23,24). In the absence of an 
etiologic agent, category III prostatitis remains an 
enigma, and its role in male infertility is not well 
defined. (For more information on the physiology of 
the prostate, please refer to Chapter 7.) 


Urethritis 


Urethral infection/inflammation commonly causes 
infertility by direct effects of the infectious organisms 
on sperm. Fortunately, this is uncommon, because 
symptoms caused by the infection limit continuation 
of exposure. Tissue scarring subsequent to infection 
represents the main pathologic mechanism that could 
interfere with sperm deposition in the female by reduc- 
ing the count or the volume, or both. 

In the past, the most common agent implicated in 
urethritis was Neisseria gonorrhea. This gram-negative 
diplococcus is sexually transmitted and easily identi- 
fied on Gram stains of urethral discharge. Even though 
this organism has become increasingly resistant to 
many antibiotics, its incidence has diminished in both 
relative and absolute numbers. Chlamydia trachomatis 
and other species are the typical etiologic agents for 
most cases of so-called nonspecific urethritis (18,23—25). 
These pathogens cause more cases of urethritis than 
does Neisseria, but the inflammatory response is not as 
exuberant and thus the incidence of scarring (urethral 
stricture disease) is not as common. Urethritis may also 
be caused by more unusual organisms such as 
Trichomonas vaginalis and Candida albicans, but the 
impact of these organisms on fertility tends to be lim- 
ited, especially if adequately treated. Ureaplasma spe- 
cies are thought to be etiologic in cases of both male 
and female infertility (25), but because the organism 
has also been isolated in the urethrae of fertile males, 
the significance of this finding is not clear. 

There are also forms of noninfectious urethritis 
that may result from irritants such as latex condoms, 
spermicidal jelly, soaps, fabric softeners, detergents, 
and others. Allergic responses to these agents may be 
seen as well. Reiter’s syndrome, a constellation of 
symptoms that is part of a group of collagen vascular 
diseases, is a relatively unusual cause of urethral 
inflammation; the corticosteroid treatment of this con- 
dition, however, may actually be more deleterious to 
fertility than the disease itself (1). In all, these forms of 
urethritis account for a small minority of cases, but 
should be borne in mind, clinically. 


Epididymitis/Orchitis 


Infection of the testicle and its appendicular structures 
can be extremely hazardous to future fertility. The lacy 
microscopic network of tubules that makes up the epi- 
didymis is particularly susceptible to damage from 
infection or inflammation. (For further information on 
the physiology of the epididymis, please refer to 
Chapter 6.) Although most of these infections tend 
to be sexually transmitted, they also usually occur only 


in a well-defined age range. Over the ages of 40 to 
50 years, the most common etiologic agents gradually 
change from Neisseria, Chlamydia, Ureaplasma, and 
Mycoplasma to gram-negative rods, chiefly the 
Enterobacteriaceae (3,25). This alteration occurs not only 
because of changes in sexual behavior, but also from 
the increasing age-related incidence of symptomatic 
benign prostatic hyperplasia and obstructive voiding, 
both of which predispose men to bacterial urinary tract 
infections (UTIs). Either type of bacteria will greatly 
diminish fertility, both acutely and chronically, but 
in later years, fertility typically becomes less of a 
concern in men. 

Noninfectious epididymoorchitis is probably 
quite common, although little epidemiologic data are 
available. Chemical irritation from the reflux of urine 
into the ejaculatory ducts can cause a condition almost 
indistinguishable from bacterial epididymitis, often 
preceded by an episode of straining or vigorous physi- 
cal activity with a full bladder. There may also be 
intense inflammation and subsequent drainage, even 
in the absence of a definable bacterial infection. These 
symptoms are usually recurring, because the ejacula- 
tory duct may be aberrantly inserted or otherwise more 
susceptible to urinary reflux than normal. 


O MECHANISMS OF INFERTILITY 
Bacterial Effects 


Bacteria may adversely affect fertility in several ways. 
One mechanism occurs through the direct inhibition of 
fertilization by the spermatozoa. This situation arises 
when the bacteria bind to the sperm, preventing motil- 
ity or even sperm binding to the ovum. When bacteria 
bind the surface receptors on the spermatozoa, it can 
result in permanent agglutination and loss of sperma- 
tozoal motility. This effectively eliminates access to the 
ova. Bacterial sperm binding may also prevent fertil- 
ization by covering the binding sites needed for the 
attachment of sperm to the ovum. The bacterial 
appendages that affect spermatozoan binding are 
referred to as fimbriae. Most bacteria have many of 
these on their cell surfaces, and the most well-studied 
are those of Escherichia coli (26-30). Of these, the fim- 
briae that have been characterized most completely 
are the P-fimbriae (mannose-resistant) and the Type I 
fimbriae (mannose-sensitive). Both types of fimbriae 
are capable of binding to the spermatozoa itself, with 
the P-fimbriae preferentially binding to the head of the 
sperm and the Type I fimbriae binding to the tail. The 
P-fimbriae bind to the a-galanin-like peptide (GALP)- 
(1-4)-B-GALP-O methyl-binding site on human and 
primate urothelial cell surfaces. The specific E. coli that 
harbor these fimbriae are the same as those that most 
commonly cause bladder infections as well as prostati- 
tis and ascending pyelonephritis by avidly binding to 
the perineum, foreskin, and urethra, as well as to the 
urothelium (30). It appears, then, that E. coli are uniquely 
suited to their environment in the human GU tract 
with respect to colonization and invasion. 


Also known to affect fertility are the numerous 
indirect effects of bacterial infections, as well as the 
host inflammatory and immune responses to these 
agents. Although bacterial secretions may be locally 
toxic to sperm, these soluble factors, largely proteins, 
also elicit an intense inflammatory response that may 
be even more deleterious than the direct effects of bac- 
terial toxins (5,31). The mere presence of polymorpho- 
nuclear (PMN) leukocytes has been shown to affect 
fertility adversely, and these blood cells are summoned 
to the site by anumber of soluble substances (32). After 
the initial arrival of these leukocytes, the recruitment 
process begins as more PMNs are attracted to the site. 
These chemical attractants are also toxic to sperm and 
thus may adversely affect seminal quality. Adverse 
effects of this process on sperm quality are usually 
demonstrated in sperm penetration assay. Hydrogen 
peroxide, along with its attendant free radicals, is 
among the substances involved in the inflammatory 
cascade that can cause sperm immobilization (33). 

Another means by which bacteria may adversely 
affect fertility is again illustrated by the paradigm of 
N. gonorrhea. This sexually transmitted organism initially 
causes urethritis, and if not adequately treated at this 
stage, scarring of the urethra occurs, and by reducing 
the volume and inhibiting the force of ejaculation, may 
prevent the placement of sperm in propinquity to the 
ovum. Furthermore, when urethral stricture disease is 
present, there is a strong predilection toward recurrent 
bacterial UTIs; this condition alone may independently 
diminish fertility. The gram-negative diplococcus may 
migrate from its port of entry to the prostate and, from 
there, through the vas deferens to the testis and its 
adnexal structures. In these areas, it causes acute sup- 
purative PMN inflammation that may permanently 
damage the delicate network of tubules, cause obstruc- 
tion, and reduce or eliminate sperm transport (34). 
Other sexually transmitted organisms that may cause a 
similar type of infection are C. trachomatis and 
Ureaplasma urealyticum, but these cause far fewer symp- 
toms. Infection of the testicular appendicular struc- 
tures in the adult male is most often a result of the 
Enterobacteriaceae, of which E. coli is the most prevalent 
(35,36). With preexisting benign prostatic hyperplasia 
or other forms of bladder outlet obstruction, these 
infections may be particularly severe, resulting in 
abscess formation and occasionally testicular loss. 
Most recently, there has been a rise in infections of the 
male GU tract with the organism Staphylococcus sapro- 
phyticus (37). In any case, when a man presents with a 
bacterial UTI, one must also consider the risk of a pre- 
existing congenital (or acquired) anomaly that may be 
a predisposing factor. Even without infection, these 
anatomical abnormalities may also cause infertility. 
(For further information on obstruction of the ejacula- 
tory ducts, please refer to Chapter 18.) 

Infection of the prostate gland may result in spe- 
cific effects on fertility, independent of the infection 
itself. Since the ejaculatory ducts pass through 
the parenchyma of the prostate, an acute (or chronic) 
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inflammatory process could cause obstruction of this 
structure that, with cicatricial formation, could perma- 
nently cause obstructive azoospermia (38,39). There 
have been a number of published reports demonstrat- 
ing recovered semen quality or fertility after transure- 
thral resection of the ejaculatory ducts. When the ducts 
are obstructed, the inspissated secretions may serve to 
contribute to a chronic bacterial infection by reducing 
normal drainage and thus creating a relatively pro- 
tected enclave wherein bacteria may thrive, relatively 
unencumbered by the body’s immune response and 
isolated from antibiotic action. The function of the 
prostate gland may also be hampered by a prostatic 
infection, in that the secretory activity of the gland is 
impaired during infection (40,41). The prostate is then 
unable to sequester and secrete its complement of 
divalent cations, the most necessary of which are cal- 
cium and zinc (41). The latter element has been shown 
to be essential for normal sperm motility and activity. 
The acute inflammatory process decreases zinc levels 
to near zero, and there is variable recovery with time. 
In addition, zinc is the active component of prostatic 
antibacterial factor, which has been shown to assist in 
the prevention of UTIs in the male (40). When this sub- 
stance is nonfunctional, infections are presumed to 
occur with greater facility. This substance is not easily 
replaced with oral supplementation. 


Immunity 


UTIs elicit a profound immune response, the degree of 
which is dependent upon the amount of tissue inva- 
sion. For example, isolated bladder infections do not 
provoke a very intense immune response in most cases, 
as the bladder mucosa may serve as somewhat of a 
barrier to tissue invasion. When there is penetration of 
the local barriers, the immune response is primarily 
humoral, with an occasional cell-mediated component 
(42,43). These humoral antibodies are primarily con- 
centrated in the urine but are detectable systemically. 
Whereas surface immunoglobulin A (sIgA) is perhaps 
the most important for long-term immunity, the spe- 
cies of immunoglobulin M (IgM) and immunoglobulin 
G (IgG) are also present (42). The IgM component may 
have a more important role in clearing the initial infec- 
tion. There is also a protective effect of humoral immu- 
nity after a bladder infection that may be initiated or 
augmented by immunization. Recently, a vaccine has 
been developed that confers immunity to many of the 
more common uropathogens. Prostatic infection usu- 
ally results in a more intense immune response— 
primarily humoral—that is at least partially protective 
of future infections (43). This antibody response 
includes not only specific antibodies directed against 
bacterial antigens but also autoantibodies directed 
against host antigens (44). The most devastating of 
these are antisperm antibodies, specifically IgG, IgM, 
and sIgA, found in the prostate gland and seminal 
plasma (45,46). The immunobead test is currently 
the assay of choice for the measurement of antisperm 
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antibody concentrations. Some of the antisperm anti- 
bodies may actually be cross-reactive antibodies 
against bacterial antigens, or they may be specific only 
to sperm. In any case, when the antibodies bind to the 
spermatozoa, several effects may be seen. The first of 
these is gross agglutination, which effectively elimi- 
nates sperm motility and most other sperm functions. 
Some antisperm antibodies as well as cross-reacting 
antibodies against bacterial antigens may bind to the 
sperm tail, thus decreasing motility. Similarly, some 
may bind to the head epitopes of the spermatozoa, 
which may reduce the affinity of sperm binding to the 
ovum. The effect on fertility is the same. (For further 
information on antibody assays and immune factors in 
fertility, please refer to Chapters 26 and 36.) 


Leukocytospermia 


The finding of white blood cells (WBCs) in the ejacu- 
late is highly predictive of infertility (4,47,48). Infertile 
men have higher WBC counts in their ejaculates than 
fertile men. It has been estimated that 10% to 20% of 
male infertility patients may have leukocytospermia 
(49,50). Specifically, this condition is defined by 
the World Health Organization as more than 1x106 
leukocytes/mL. This may not, however, correlate with 
infection that is demonstrable by routine culture meth- 
ods. Upon examination of the subpopulations of WBCs 
present, there seems to be a preponderance of neutro- 
phils, followed by macrophages and T-lymphocytes. 
As inthe serum, the degree of chronicity may be judged 
by the relative numbers of each species present. For 
example, in circumstances where antisperm antibodies 
are present, there is a predominance of lymphocytes 
(51). This is an example of a chronic inflammatory 
process, in that when sperm antigens are involved, 
there is a concomitant demonstrable lack of granulo- 
cytes (51). WBCs, especially PMNs, elaborate a number 
of enzymes that are deleterious to sperm function. 
Enzymes that produce reactive oxygen species, such as 
hydrogen peroxides and superoxide radicals, are asso- 
ciated with the infertile state. Lipid peroxidase has 
been measured in the semen of infertile patients, and 
may be correlated with infertility (52). In fact, oxida- 
tive stress may be the primary reason for this condition 
in patients with leukocytospermia. Granulocyte elas- 
tase is abundant in the seminal fluid of patients with 
genital inflammation (53). This enzyme may provide 
an objective measurement of the degree that inflam- 
mation has on infertility. It has even been reported to 
contribute to female-factor infertility by interfering 
with fallopian tube function (53). Most of the enzymes 
elaborated by PMNs are deleterious to other cells and 
even to whole tissues. Sperm are inactivated by most 
of these proteases, and the binding to an ovum 
is prevented by damage to the binding sites. (For 
further information on semen analysis, please refer to 
Chapter 24.) 

Many cytokines have been implicated in the infer- 
tility process. These may be secreted by inflammatory 


cells, which further harm sperm motility and viability. 
Most of the proinflammatory cytokines, as would be 
predicted, reduce fertility status or, at least, are associ- 
ated with infertility. The most notable of this group are 
interleukin-6, tumor necrosis factor a, and interleukin- 
8 (54,55). These cytokines are isolatable from the 
seminal plasma, vagina, or female serum. Furthermore, 
those cytokines that are immunosuppressive tend to 
be higher in the infertile male than in the fertile popu- 
lation. These include prostaglandin E2 and interleu- 
kin-10 (56). The roles of transforming growth factor 
B, interleukin-11, soluble CD23, and others await eluci- 
dation (57-59). Similarly, the effects on the endocri- 
nology of sperm fruition are not clear (60). 


O EVALUATION 
History 


Probably the most important information obtainable in 
the history is whether or not the patient has ever had a 
sexually transmitted disease (STD). Because of the 
multifaceted injury that these diseases may cause, the 
impact on fertility is dramatic. Questions regarding the 
sexual history of both partners may also be helpful. 
Treatment of any STD, either proven or empiric, should 
be queried as well. Traumatic injuries to the patient, 
with specific emphasis on the GU tract, should be dis- 
cussed. Even relatively minor events such as straddle 
injuries may have important implications. Trauma 
may take on an even subtler connotation, in that cer- 
tain repetitive activities, not always considered to be of 
a traumatic nature, may nonetheless be injurious. 
Motorcycle or bicycle riding, horseback riding, and 
any of the contact sports or martial arts may cause this 
type of problem. A history of prior surgery in the area 
should be elicited, as hydrocele or hernia surgery may 
result in injury to the vas deferens. Orchiopexy, either 
for cryptorchidism or for torsion, is even more obvious 
as a potential cause of male-factor infertility. Even 
prior urethral catheterization for surgery unrelated to 
the GU tract may cause damage. With the improve- 
ment and widespread ability of modern immuniza- 
tions, infection with certain agents, such as mumps, 
occurs rarely; therefore, a history of postpubertal 
mumps would be considered highly significant. Lastly, 
a history of congenital defects as well as cryptorchi- 
dism should be elicited. (For further information on 
the evaluation of the male patient presenting with 
infertility, please refer to Chapter 23.) 


Physical Examination 


Clues to the cause of infertility may be obtained from 
the physical examination, but those that are related to 
inflammation or infection are relatively few. Prior 
infection may damage a testicle such that a size 
discrepancy may be discernable. This is most 
commonly due to mumps orchitis (61), but bacterial 
infections may cause the same outcome. Epididymitis 
may cause palpable scarring or cyst formation. Whereas 


epididymal cysts are not the exclusive result of infec- 
tion, the inflammation may cause obliteration of the 
tubules, resulting in obstruction. If severe enough, the 
obstruction may cause cystic changes in the proximal 
tubules. Examination of the prostate may give a few 
clues to the etiology of infection. Although changes in 
prostatic consistency, such as the identification of 
boggy or spongy areas, have been recognized as being 
consistent with an inflammation, these findings have 
never been scientifically correlated. Similarly, prostatic 
tenderness may signal an inflammatory condition, but 
some patients may be sufficiently apprehensive to be 
tender even in the absence of infection. Lastly, palpable 
scarring on the ventrum of the penis or in the perineum 
may lend clues to the existence of stricture disease. 


Laboratory Tests 


The most consistent and useful laboratory test is the 
semen analysis. Infections may cause a host of nonspe- 
cific abnormalities in the seminal fluid and may include 
oligospermia, which results from damage to the ger- 
minal epithelium, the epididymis, ejaculatory duct, 
and prostate, ora combination thereof. Asthenospermia 
may be a result of stress in the system at some level or 
may possibly be due to the previously mentioned 
bacterial products that are toxic to sperm metabolism. 
Similar effects may be seen in the condition of leukocy- 
tospermia, with certain proteins and cytokines 
elaborated by the WBCs. One of the major concerns is 
proper identification of the cells present in the ejacu- 
late (61). Specifically, some of the cells that have the 
appearance of WBCs may actually be immature sper- 
matozoa. These cells are typically round and have a 
visible nucleus. If not WBCs, they may be spermatids 
or even spermatocytes. A number of stains are avail- 
able to assist in determining the cell’s origin, such as 
benzidine-cyanosine or Papanicolaou. More recently, 
fluorescence-activated cell sorting as well as flow 
cytometry has been employed to more accurately iden- 
tify the species of cell present (10,62). 

Once a GU tract infection has been documented, 
some effort should be made to ascertain the etiologic 
agent. This is especially important, considering the 
plethora of adverse side effects associated with the use 
of antibiotics, ranging from life-threatening diarrhea 
and allergic reactions to negative results on semen 
quality or even on the germinal epithelium. Culturing 
the semen has been shown to be an effective means of 
isolating organisms (63). This material should be 
obtained fresh, and bacterial cultures should include 
the more fastidious agents such as Chlamydia, 
Mycoplasma, and Ureaplasma, as well as obligate intra- 
cellular organisms. Newer alginate swab DNA tests 
for these latter agents are likely to be more sensitive 
and less labor intensive for the laboratory. The four- 
glass technique, as described by Meares and Stamey 
(20), is also an excellent way of confirming the 
causative agent but is time consuming and expensive. 
This technique, however, is considered to be the gold 
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standard for localizing infections. It has also been 
suggested that obtaining a urine sample after prostate 
massage (VB3) is as accurate an investigation as is nec- 
essary, since the precise location of the infection may 
be less important than the identity and sensitivity pat- 
tern of the organism. It is currently advocated that a 
mid-stream sample and either a semen culture or a 
VB3 should be obtained. 


Molecular Techniques 


Most recently, molecular techniques have been devel- 
oped that are able to detect very small amounts of 
bacteria by utilizing RT-PCR with primers for 16S 
ribosomal ribonucleic acid (rRNA) (64). It must be 
noted, however, that these bacterial “fingerprints” do 
not necessarily imply that an infection is present, but 
only that bacteria are present. The genus and species of 
the bacteria may be determined by sequencing the 
rRNA and comparing it to banked rRNA information. 
On occasion, the bacteria cannot be fully identified, as 
information banks may not be complete. Criteria need 
to be established with respect to the significance of 
finding bacterial genetic material in parts of the GU 
tract, and its relationship to infertility. 


O TREATMENT 
Antibiotics 


The treatment of bacterial infection in the GU tract must 
take into account three principles: bacterial sensitivity, 
GU penetration, and gonadotoxicity. Most of the time, 
bacterial sensitivity will have been determined by spe- 
cific testing. In this case, the other two principles must 
take precedence. If the clinician has made the decision 
to treat empirically and if one of the fastidious organ- 
isms is suspected, one might choose either the macro- 
lide or the tetracycline group of antibiotics. For 
Chlamydia, doxycycline administered 100 mg twice daily 
for 10 days or erythromycin 500 mg four times daily are 
considered to be equally effective. These agents are 
effective and have fair penetration into tissue (prostatic 
fluid and ejaculate). Tetracyclines also have an adequate 
gram-negative spectrum, whereas macrolides are most 
appropriate to cover gram-positive species. The fluoro- 
quinolone group of antibiotics has several advantages: a 
very broad spectrum in addition to obligate intracellu- 
lar organisms coverage, high penetration into the GU 
tract, and good concentration in the prostatic tissue—all 
achieved after a single dose (65). Some of the other anti- 
biotic classes have a good spectrum of activity, but the 
GU penetration is only fair (66). The cephalosporin 
group is widely utilized because of its spectrum and 
safety, but the penetration is marginal. Penicillins are 
similarly concerning, even though both penicillins and 
cephalosporins are highly excreted in the urine. Of the 
penicillins, carbenicillin indanyl sodium is specifically 
indicated for chronic prostatitis. This drug, however, 
has no coverage for intracellular bacteria, and is dosed 
four times per day. Aminoglycosides have very little 
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penetration except in the urine and are only rarely 
appropriate in this scenario. The issue of culture- 
negative WBC elevations is controversial. Treatment 
with anti-inflammatory agents is reasonable, but a clear 
benefit has not been demonstrated. 

The gonadotoxicity of agents used in the treat- 
ment of male genital infections must also be consid- 
ered. Nitrofurantoin, commonly used for the treatment 
of UTI, as well as various tetracyclines (doxycycline, 
minocycline) that are frequently used for the treatment 
of STDs, can impair the ability of the sperm to pene- 
trate the zona pellucida of the ovum and further impair 
fertility (10,67). The sulfas and aminoglycosides have 
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O INTRODUCTION 


This chapter describes the effect of HIV on the male 
reproductive system and on the management of male 
infertility. HIV was not fully recognized by clinicians 
and scientists until 1981 (1). In the year 2005, it has 
been estimated that there were 40.3 million people 
living with HIV. Currently the largest site of the epi- 
demic is in sub-Saharan Africa (Table 1) (2). It is possi- 
ble that the virulence of the virus may change (3) or 
mutations may render current testing strategies inef- 
fective; however, new and increasingly effective treat- 
ments are being developed. After infection with HIV, 
there is a latent period of a number of years when the 
person remains well but the virus can be detected in 
the blood. At this early stage, treatment with antiviral 
agents such as zidovudine (AZT) has been shown to 
delay the progression of the disease. For these reasons, 
it is important to have a cautious and flexible approach 
so as to minimize risk to infertile couples and to future 
children. 


O TRANSMISSION OF HIV BETWEEN 
PARTNERS 
Male-to-Female Sexual Transmission 


The overall chance of transmission of HIV from an 
infected man to his female partner from a single act of 
unprotected receptive vaginal intercourse is 0.0005 to 
0.0015 (4,5). This risk may increase as the disease 
advances and white cell counts fall. The managing 
clinician is responsible for ensuring that both partners 
have full information about risks and strategies to 
prevent transmission. 


Prevention of Sexual Transmission 


Currently there is no effective vaccine against HIV, 
and prospects for a vaccine have been disappointing. 
At present the AIDS epidemic is out of control and 
whenever possible spread should be prevented. The 
only effective strategies are education (particularly of 


young men), enhancement of the status of women, and 
the use of barrier methods of contraception. The most 
effective barrier method is the male condom. The 
female condom is a slightly less effective barrier. It is 
common to advocate the use of spermicide with 
condoms but it is not known whether this reduces the 
risk of HIV transmission. There is evidence that treat- 
ment with AZT in men reduces the cellularity of 
the ejaculate and presumably reduces the chance of 
male-to-female transmission (6). 


Risk Factors for Sexual Transmission 
High-Risk Sexual Behavior 


Multiple partners and male homosexuality have both 
been identified as high-risk behavior with respect to 
the chance of HIV transmission. Table 2 provides the 
Center for Disease Control Guidelines for high-risk 
behavior associated with risk of HIV transmission. 


Concurrent Sexually Transmitted Disease 


Concurrent sexually transmitted diseases (STDs) can 
increase the chance of HIV spread either because open 
genital sores or ulcers provide an entry port for HIV or 
because an increase in the number of immune cells in 
the ejaculate associated with urethritis increases the 
viral load in the ejaculate (8,9). In the context of infertil- 
ity treatment for the couple where the male partner is 
HIV positive, STDs should be treated in both the man 
and his partner(s), and fertility management should be 
deferred until the conclusion of STD treatment. 


Circumcision 


Three prospective randomized trials have shown that 
male circumcision reduces the risk of the man acquir- 
ing HIV by approximately 50%. The three studies 
involved a total of 10,912 men and three studies had to 
be stopped at interim analysis because it was judged 
unethical to continue because of the evidence of a 
significant reduction in risk of the circumcised man 
acquiring HIV (Table 3). Nevertheless, the role of male 
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Table 1 Regional HIV/AIDS Statistics and Features, End of 2000 
Adults and Percentage of Main model(s) of 
Adults and children newly Adult HIV-positive transmission for 
children living infected with prevalence adults who are adults living with 
Region Epidemic started with HIV/AIDS HIV rate? (%) women (%) HIV/AIDS 
Sub-Saharan Africa Late 1970s—early 1980s 25.3 million 3.8 million 8.8 55 Hetero 
North Africa and Late 1980s 400,000 80,000 0.2 40 Hetero, IDU 
the Middle East 
South and Late 1980s 5.8 million 780,000 0.56 35 Hetero, IDU 
Southeast Asia 
East Asia and the Late 1980s 640,000 130,000 0.07 13 IDU, hetero, MSM 
Pacific 
Latin America Late 1970s—early 1980s 1.4 million 150,000 0.5 25 MSM, IDU, hetero 
Caribbean Late 1970s—early 1980s 390,000 60,000 2.3 35 Hetero, MSM 
Eastern Europe Early 1990s 700,000 250,000 0.35 25 IDU 
and Central Asia 
Western Europe Late 1970s—early 1980s 540,000 30,000 0.24 25 MSM, IDU 
North America Late 1970s—early 1980s 920,000 45,000 0.6 20 MSM, IDU, Hetero 
Australia and New Late 1970s-early 1980s 15,000 500 0.13 10 MSM 
Zealand 
Total 36.1 million 5.3 million el 47 


aThe proportion of adults (15 to 49 years of age) living with HIV/AIDS in 2000, using 2000 population numbers. 
Abbreviations: Hetero, heterosexual transmission; IDU, transmission through injecting drug use; MSM, sexual transmission among men who have 


sex with men. 
Source: From Ref. 2. 


circumcision in the context of HIV prevention strategy 
remains controversial because of concerns that circum- 
cised men may cease to use proven methods of HIV 
prevention such as using condoms. There is a need for 
continued research to define the effect of male circum- 
cision on the risk of transmission to the partner (female 
or male) and on the sexual behavior, condom usage 
etc. of men who have been circumcised. (Please refer 
to the chapter entitled “Male Circumcision” for further 
information on this topic.) 


O VERTICAL TRANSMISSION 


HIV transmission to a child may occur at the time of 
insemination if sperm from the HIV-positive father are 
used. It may also occur from the mother to the child 
through the placenta, at birth, or by breastfeeding. 
Many of these risks are not amenable to prevention but 
common sense indicates that good antenatal and 
obstetric care should be given and that situations such 


Table 2 High-Risk Behavior 


as undiagnosed placenta previa or obstructed labor 
should be avoided. Several studies indicate that breast- 
fed infants are at greater risk of acquiring HIV from 
their infected mothers than bottle-fed infants (11). 
Thus, breastfeeding is best avoided in this situation 
unless there is potential for increased infant morbidity 
and mortality due to unsanitary water conditions. 


Prevention of Vertical Transmission with AZT 


The European Collaborative study (12) reported trans- 
mission rates observed in 600 children born to HIV- 
positive mothers as of June 1990. The vertical 
transmission rate based on results in 372 children with 
at least 18 months follow-up was 12.9% (c.i. 9.5-16.3). 
At the time of this study, treatment with AZT was not 
widely used for HIV-positive pregnant women. There 
is good evidence that the chance of vertical trans- 
mission from the HIV-positive mother to the child may 
be reduced by treating the woman with AZT during 
the peripartum period and six weeks of AZT for the 


Men who have had sex with another man in the preceding 5 yrs 


Persons who report nonmedical intravenous, intramuscular, or subcutaneous injection of drugs in the preceding 5 yrs 

Persons who have engaged in sex in exchange for money or drugs in the preceding 5 yrs 

Persons with hemophilia or related clotting disorders who have received human-derived clotting factor concentrates 

Persons who have had sex in the preceding 12 mo with any person described in the above four categories or with a person known or 


suspected to have HIV infection 


Persons who have been exposed in the preceding 12 mo to known or suspected HIV-infected blood through percutaneous inoculation or 
through contact with an open wound, nonintact skin or mucous membrane 
Inmates of correctional systems. (This exclusion is to address issues such as difficulties with informed consent as well as increased 


prevalence of HIV in this population) 


Source: From Ref. 7. 


Table 3 Three Prospective Studies in Sub-Saharan Africa of the 
Effect of Male Circumcision on the Risk of the Man Acquiring HIV 


Orange Farm 


(South Rakai Kisumu 
Africa) (Uganda) (Kenya) 
Population Semi-urban Rural Urban 
MC rate 20% 16% 10% 
HIV incidence 1.6% 1.3% 1.8% 
Age range 18-24 yrs 15—45 yrs 18-24 yrs 
No. of men (sample 3128 5000 2784 
size) 
Interim analysis data Nov 04 (April Dec 06 Dec 06 


when trial stopped 05) (June 07) (Sept 


(planned 07) 
completion date) 
No. of infection in 20/49 22/43 22/47 


circ. group/no. of 
infection in uncirc. 


group 
Protective effect of 60% (95% Cl 48% 53% 
circ. 34-77% 


Abbreviations: circ., circumcised; uncirc., uncircumcised. 


infants (13). This is an expensive treatment approach 
and is not available in all countries. Furthermore, it 
may be that shorter courses of AZT will be equally or 
nearly as effective, which is currently under investiga- 
tion in clinical trials. 


O THE EFFECT OF HIV ON MALE 
REPRODUCTIVE BEHAVIOR 


There is concern that in traditional societies, particularly 
in Africa where fertility is a mark of manhood, knowl- 
edge of HIV status may promote more promiscuous 
behavior because the man knows that he will not live a 
normal lifespan. In this situation, the problem is made 
more difficult by the unequal status of women. It is 
recommended that focused programs of testing and 
counseling need to target men, particularly those with- 
out access to modern media (14). 


O THE EFFECT OF HIV ON THE MALE 
REPRODUCTIVE SYSTEM 
The Effect of HIV on Spermatogenesis 


It is rare for HIV to cause infertility per se, although ill 
health associated with advanced disease may reduce 
fertility. In general, men who are seropositive but with- 
out AIDS show little or no difference in semen charac- 
teristics, whereas those who have AIDS may have 
pyospermia and abnormal sperm (15). 

Within the last five years, the infertility clinic at 
the Western General Hospital in Edinburgh, Scotland 
has seen no case where the primary presentation has 
been a male partner with infertility in association with 
HIV infection. HIV entered the Edinburgh population 
in the mid-1980s; the current prevalence is approxi- 
mately 1 in 100 men under the age of 30. In the same 
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period, we have seen more than 1000 couples in the 
infertility clinic. Our experience indicates that HIV is 
an uncommon cause of male infertility. 

Reduced fertility in men with STD may be the 
result of damage to spermatogenesis following orchitis 
or abnormal ejaculation in association with urethral 
stricture. Although both these conditions may occur in 
patients with HIV, they are not part of the primary dis- 
ease process. It is worth mentioning that we have seen 
several young men present with HIV and urethral 
stricture and three young men who had difficult-to- 
treat orchitis (16). 


The Effect of HIV on Male Sex Hormones 


A relatively common autopsy finding in patients who 
have died of AIDS is adrenal necrosis, and several 
studies have identified adrenal defects in AIDS 
patients. Hypogonadotropic hypogonadism was iden- 
tified in 24 of 63 patients with AIDS and a correlation 
was noted between this finding and lymphocyte deple- 
tion and weight loss (17). It has been postulated that 
the weight loss may be related to a defect in dihy- 
drotestosterone generation but clinical data does not 
support this hypothesis (18); however, rather surpris- 
ingly, there are also reports of an increase in total and 
free testosterone in some cases (19). With more effec- 
tive treatment of HIV, emphasis will shift from cure to 
quality-of-life issues. Further work will be needed to 
define androgen status depending on the stage of the 
illness and the treatment given. In advanced cases, 
there may be a benefit from androgens to promote 
weight gain, but any benefit would be from the general 
anabolic effect of the androgen rather than correction 
of a specific defect (20). 


O FERTILITY TREATMENT FOR 
COUPLES IN WHOM ONE OR BOTH 
PARTNERS HAVE HIV 


If the decision is made that it is reasonable to proceed 
with treatment, the couple should cooperate to reduce 
the chance of infection of the uninfected partner, and, 
most importantly, to reduce the chance of the child 
becoming infected. In a survey in the United Kingdom 
in 1995, 9 of 58 in vitro fertilization (IVF) centers were 
providing treatment for couples in whom the male 
partner was HIV positive (21). The ethical question of 
offering fertility treatment is discussed below. 


Preventing/Reducing Male-to-Female 
Transmission in the HIV-Discordant Couple 


HIV-discordant couples in this situation have used 
various approaches to avoid male-to-female transmis- 
sion. The most common approach is artificial insemi- 
nation with the sperm after laboratory processing to 
remove HIV. For those couples who do not have access 
to laboratory processing, an alternative is to use barrier 
methods at all times except the womans fertile period. 
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Use of this strategy has resulted in the birth of 24 live 
born children and only one new HIV infection (22). 

Couples should receive advice about sexual 
practices to minimize transmission to the unaffected 
partner. Advice given should include the use of con- 
doms, proper treatment of any concurrent STDs, and 
avoidance of sexual intercourse during menstruation 
and/or until any open genital sores have been treated 
and healed (23). 


Insemination of HIV-Negative Women 
with Processed Sperm from an 
HIV-Positive Partner 


Results from Milan indicate that the use of gradient 
centrifugation followed by swim-up effectively 
removed HIV-1 infected cells from the ejaculate 
of HIV-positive men. In 29 serodiscordant couples, 
17 pregnancies were achieved in 15 women. There 
were no cases of seroconversion and 10 babies born to 
these mothers remain seronegative (24); however, 
centrifugation and swim-up, while reducing HIV-1 
infected cells, may not altogether eliminate risk. In 
another study from Italy, HIV-1 particles have been 
found incorporated within human spermatozoa and 
can be introduced into the human oocyte (25). 


In Vitro Fertilization and the 
HIV-Positive Couple 


There is little information in the literature about the 
use of IVF in the presence of HIV, but in principle, the 
same considerations that apply in other infertility treat- 
ments apply here. Special consideration must be given 
to the staff regarding proper disinfection of all nondis- 
posable equipment. 


O HIV AND SURGERY OF THE MALE 
GENITAL TRACT 


With the increasing prevalence of HIV, surgical staff 
have adopted universal precautions for every patient, 
with no special precautions for the HIV-positive surgi- 
cal patient. Good practice includes regular review of 
universal precautions, and whenever possible, adop- 
tion of safer surgical practices. 


O DONOR INSEMINATION 
HIV and Gamete Donor Recruitment 


The clinician responsible for a donor gamete program 
has a duty to obtain healthy gametes that pose no risk 
to the couple or the future child; however, there is also 
a duty to the gamete donor. In many countries, donation 
of gametes is voluntary and without payment; hence, it 
is important to have a clinical practice that is kind to 
donors. If problems are encountered, there must be 
adequate facilities to offer donors appropriate advice 
and treatment. The consequences of discovering HIV 


must be discussed with a prospective donor before he 
or she agrees to participate. Sometimes this may result 
in a potential donor deciding not to go ahead with 
screening tests. If unexpected HIV infection or any 
other infection is discovered, the results have to be 
communicated to the potential donor and appropriate 
counseling and treatment must be made available. 
Lastly, potential gamete donors should sign a consent 
statement indicating that they have reviewed and 
understood the information regarding the spread of 
HIV, and that they will not donate should they be HIV 
positive or at risk of acquiring HIV. 

All donors should be subject to a screening pro- 
gram to reduce the risk of transmitting HIV and other 
infections. Many of the of these precautions will also 
apply to donation of other tissues; for example, blood 
donation and organ donation. The screening program 
should include: 


1. History taking and exclusion of prospective donors 
based on acknowledged risk behavior (see Table 1). 
Interviewers should ask direct questions about 
high-risk behavior. 

2. Physical examination and exclusion of those with 
signs or symptoms of HIV or any other STD, or 
needle tracks indicating drug abuse. 

3. Tests to exclude those who are positive for HIV or 
any other STD. Samples should be tested for anti- 
body to both HIV1 and HIV2. Current tests rely on 
the detection of antibodies to HIV, but there is a 
period between inoculation and the detection of 
antibodies or antigen in blood samples and, in order 
to avoid missing infected donors, sperm are stored 
in liquid nitrogen and quarantined (see below). 


O STORAGE OF GAMETES IN LIQUID 
NITROGEN BANKS AND QUARANTINE 

Quarantine Time for Stored Gametes in 

Relation to the Seroconversion Period of HIV 


The quarantine period for stored gametes needs to 
exceed the seroconversion period for HIV; that is, the 
period from inoculation with the virus to the appear- 
ance of antibodies or antigens in the serum (Table 4). 
It is difficult to obtain precise information about the 
seroconversion period because there is often doubt 
about the date of inoculation, except in those situations 
where there has been a transfusion with infected blood, 
implantation of an infected organ, or accidental needle 
stick. An analysis of published data led to an estimated 
median of 2.1 months from exposure to antibody detec- 
tion (33). These investigators concluded that 95% of 
cases would be expected to seroconvert within 5.8 
months and that HIV infection for longer than six 
months without detectable antibody was uncommon. 
It is also worth noting that with new testing technol- 
ogy, it is possible to detect virus antigen using the p24 
enzyme immunoassay test, which can shorten the time 
from inoculation to virus detection compared with the 
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Table 4 Quarantine Time for Stored Gametes in Relation to the Seroconversion Period of HIV 


Date of inoculation 


Seroconversion 


Method of inoculation Known Assumed period? Type of test used References 
racor Muon e nemophiliac V 30-60 day ELISA, Western blotting 20 

patients 
Factor VIII after synovectomy y 44 day Antibody to HTLV III 27 
Needle stick injury V 49 day Antibody to HTLV III 28 
sede wither NIDS V 2 mo ELISA, Western blotting 29 

; “Elavia” (ELISA) confirmed by Western 30 

Beadle sich V vano blotting and indirect immunofluorescence 

; ELISA confirmed by indirect immunofluo- 31 
CHE tenein V (O0 CEY rescence and Western blotting test 

; ELISA confirmed by indirect immunofluo- 31 
Kieney tenspleni V SREY rescence and Western blotting test 
Blood transfusion y 42-56 day Antibody to p24 32 


aSeroconversion period is calculated from the time of inoculation to the time of appearance of antibody in the blood. 


Abbreviation: HTLV IIl, human T-cell lymphotropic virus III. 


usual seroconversion periods calculated from data 
obtained using antibody tests. Another important con- 
sideration is that HIV is a new disease that is now 
infecting large numbers of humans; in these circum- 
stances, it is possible that there may be adaptation by 
the virus to the human host and virulence and incuba- 
tion periods could change. 

The main arguments against the quarantine of 
sperm have focused on the cost and reported lower 
success rates when frozen sperm are used compared 
with fresh sperm. There is variation in practice between 
countries; in 1987 it was estimated that 80% of donor 
inseminations in the United States were using fresh 
semen (34). Since then, with the advent of intracyto- 
plasmic sperm injection (ICSI), the need for donor 
insemination has diminished and the use of frozen 
semen has increased. In the United Kingdom, all donor 
insemination is performed using frozen quarantined 
sperm according to guidelines issued by the UK 
Human Fertilisation and Embryology Authority. The 
recommended quarantine period is six months; how- 
ever, in our clinic in Edinburgh, for the last six years, 
we have quarantined all samples for one year because 
of occasional reports of longer seroconversion periods 
and to guard against the possibility of virus adaptation 
with longer seroconversion periods. 


Quarantine as Protection Against Problems 
with Virus Detection 


Another reason to quarantine sperm is to guard against 
virus mutation resulting from difficulties with virus 
detection. Problems with the detection of HIV are more 
than theoretical as seen in a study of British Public 
Health laboratories (35). A new HIV assay was put into 
use with the advantage of increased sensitivity for 
outlier HIV variants. However, following the report- 
ing of false negative results, use of the assay was 
restricted. Out of 20,973 samples tested, there were 
four false-negative results giving a sensitivity of 99.2% 


(497/501). In this case, our one-year quarantine period 
in Edinburgh would have protected our patients 
against detection problems. 


Prevention of Contamination of Stored 
Gametes within the Store 


There have been no direct examples of HIV cross- 
contamination of sperm samples stored in a liquid 
nitrogen sperm bank; however, this must not be a 
matter for complacency. There has been evidence of 
cross-contamination of hepatitis B virus from a con- 
taminated cryopreservation tank (36). Thus, there is a 
potential hazard when untested samples are stored 
alongside those in quarantine. It is not practical to ster- 
ilize the outside of the storage ampoule or straw. If 
there is contamination of the outside of the straw, then 
there is the possibility of contamination of the liquid 
nitrogen and the coating of all other ampoules in the 
store with virus particles. While not routinely prac- 
ticed, consideration needs to be given to the use of 
storage straws or ampoules that are double wrapped. 

There is also a risk of lost straws or ampoules or 
small particles of contaminated material falling to the 
bottom of a large container. These may remain undis- 
covered for some time. It is recommended that the 
storage container be periodically emptied and cleaned, 
and this cleaning should be recorded in a log. 
Consideration needs to be given to designing storage 
straws or ampoules with a second outer wrapping to 
eliminate the risk of contamination of the outside of 
the straw by the liquid nitrogen. 


HIV Transmission Using Infected Sperm that 
Have Been Banked in Liquid Nitrogen 


In previous years the main form of help for couples 
with male factor infertility has been insemination with 
donor sperm. More recently this is used less frquently 
because of IVF, and, in particular, ICSI has enabled 
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fertilization with a single sperm in situations formerly 
considered untreatable. As originally practiced, donor 
insemination involved the use of fresh sperm but with 
the advent of HIV infection, most clinics in the world 
have switched to the use of frozen and quarantined 
sperm. 

There is a report of HIV transmission from fresh 
sperm used for donor insemination (37). Although 
there is a report of transmission of HIV from cryopre- 
served semen (38), no details are given about the quar- 
antine period or retesting of the donor. 


O ETHICAL CONSIDERATIONS WHEN 
TREATING COUPLES IN WHOM ONE 
PARTNER HAS HIV 


The main ethical problems center on risks to the future 
child and risks of transmission of HIV to the partner. 


HIV Transmission to the Child 


Most cultures put the interests of the future child ahead 
of the interests of the infertile couple. Some clinicians 
would regard any risk of HIV transmission to the child 
as a contraindication for any fertility treatment that 
would facilitate conception; however, if the actual risk 
of HIV positivity in the child is remote, other clinicians 
would regard help for the couple as acceptable; thus 
whether to proceed or not is judged according to risk. 
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O INTRODUCTION 


Although obstructions of the epididymis and proximal 
vas deferens have become well-recognized and readily 
treated causes of male infertility (1), more distal 
obstructions have only relatively recently been recog- 
nized and treated (2-5). Ejaculatory duct obstruction, 
although rare, is a surgically correctable cause of male 
infertility (2,5-11). The use ofhigh-resolution transrectal 
ultrasound (TRUS) has resulted in an increased inci- 
dence of diagnosis of this disorder (3,10,12,13). 
Treatment of ejaculatory duct obstruction by transure- 
thral resection of the ejaculatory ducts (TURED) has 
also become more common; there have been several 
reports of pregnancies following relief of ejaculatory 
duct obstruction using this technique (2,4,5,9,11,14,15). 
Although various symptoms, signs, TRUS, radio- 
graphic, and cystoscopic findings have been associated 
with ejaculatory duct obstruction, none is pathogno- 
monic for this disorder (2). Moreover, the pathogenesis 
of ejaculatory duct obstruction in association with 
these findings, and how this obstruction impacts on 
male fertility, is not well understood. By examining the 
anatomy of the ejaculatory ductal system, and correlat- 
ing it with symptomatology, semen analyses, TRUS, 
and pathologic findings in patients with a presump- 
tive diagnosis of ejaculatory duct obstruction, a better 
understanding of ejaculatory duct obstruction and its 
impact on male infertility can be gained. 


O ANATOMY 


The ejaculatory ducts develop from the distal-most vas 
(the Wolffian duct system). The seminal vesicles 
develop as a blind diverticulum at the most terminal 
end of the vas (16). The ejaculatory ducts are a direct 
continuation of the seminal vesicles and, anatomically, 
begin after the ampulla of the vas joins the seminal ves- 
icle duct on its medial aspect at an acute angle (Fig. 1) 
(6,17,18). The ducts are approximately 1 to 2 cm long 


and enter the prostate obliquely and posteriorly at its 
base, course medially and anteriorly through the pros- 
tatic glandular tissue, and enter the prostatic urethra at 
the verumontanum (6,9,17,18). Between the two ejacu- 
latory ducts at the verumontanum sits the prostatic 
utricle—a Mullerian tubercle remnant of endodermal 
origin (18). The ejaculatory ducts open, in the majority 
of cases, anterolateral to the orifice of the utricle (18). 
In most men, the utricle is less than 6 mm in size but can 
exceed 10 mm in up to 10% of men (19). The utricle does 
not communicate with any other structures (6,17,18,20). 
Injection of methyl methacrylate into the vas deferens 
of intact autopsy prostate/seminal vesicles/vasa speci- 
mens reveals the ejaculatory ducts exiting close to one 
another at the verumontanum, with a small utricle 
lying between them. No methyl methacrylate can be 
seen exiting the utricle (Fig. 2) (21). In sagittal sections, 
the ejaculatory duct forms an almost straight course 
from the prostatic base to the verumontanum (Fig. 3). 
The close relationship of the ejaculatory ducts to the 
utricle can be seen in the transverse section at the veru- 
montanum of a radical retropubic prostatectomy 
specimen (Fig. 4) (21). The anatomic structures of the 
ejaculatory ductal system and their relationships can 
also be demonstrated using rectal coil magnetic reso- 
nance imaging (MRI) (5,22). In sagittal images, the rela- 
tionships between the bladder, bladder neck, seminal 
vesicles, prostate, and ejaculatory ducts are demon- 
strated. In addition, this patient has a midline cyst that 
divides the ejaculatory ducts laterally (Fig. 5). Also note 
that the distal ejaculatory duct and cyst are distal and 
inferior to the bladder neck. Each duct is surrounded 
by circular lamellar tissue and, in turn, both ducts are 
surrounded by a communal muscular envelope (17,23). 
The existence of a sphincter spermaticus has been con- 
firmed, but its role in the pathophysiology of partial or 
functional ejaculatory duct obstruction remains poorly 
understood (4,7). The ejaculatory ducts are lined by a 
yellow pigmented cuboidal to pseudostratified 
columnar epithelium (Fig. 6) (17,23). (For further details 
on male anatomy, please refer to Chapter 2.) 
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Figure 1 Schematic representation of the distal ejaculatory duct anatomy. 


O ETIOLOGIES OF OBSTRUCTION 


Ejaculatory duct obstruction can be either congenital 
or acquired (9,11). Congenital causesinclude congenital 
atresia or stenosis of the ejaculatory ducts, and utricular, 
Mullerian, and Wolffian duct cysts. Acquired causes 
may be secondary to trauma, either iatrogenic or other- 
wise, or may have infectious or inflammatory etiolo- 
gies (9,11). Calculus formation secondary to infection 
may also cause obstruction (4). Cyst formation from 
prior instrumentation or infection may also occur (20). 
Many times, patients with ejaculatory duct obstruction 
have no significant antecedent history (6). Several 
authors have found that patients with congenital or 
noninfectious causes of ejaculatory duct obstruction 
do better after treatment than those with infectious 
causes (9,11). Other authors, however, have not been 
able to support this (6,24,25). 


Figure 2 Coronal section of the prostate from an autopsy specimen 
after injection of methyl methacrylate into the vasa deferentia. Notice 
methyl methacrylate exiting from distal ejaculatory ducts (small white 
arrows), which sit lateral to the midline utricle (large grey arrow). 


O SYMPTOMS 


Patient complaints associated with ejaculatory duct 
obstruction can be quite variable, but may include 
infertility, decreased force of ejaculate, pain on or after 
ejaculation, decreased ejaculate volume, hematosper- 
mia, perineal or testicular pain, history of prostatitis or 
epididymitis, low back pain, urinary obstruction, 
dysuria, or no symptoms at all (2,5,6,7,9,24). Symptoms 
are generally less pronounced or absent in patients 
with partial obstructions (4,5). No one symptom or 
constellation of symptoms can help make a definitive 
diagnosis of ejaculatory duct obstruction. 


Figure 3 Sagittal section of the prostate from an autopsy specimen 
after injection of methyl methacrylate into the vasa deferentia. Notice 
ejaculatory duct (grey arrow) exiting distal and inferior to the utricle 
(open arrow). Notice the almost straight course of the ejaculatory duct 
from the prostate base to the verumontanum. 


Figure 4 Transverse section through the verumontanum from a 
radical retropubic prostatectomy specimen showing the close rela- 
tionship of the ejaculatory ducts (black arrows) to each other and to 
the utricle (white arrow). 


O SIGNS 


Patients with suspected ejaculatory duct obstruction 
classically have normal physical examinations, 


Figure 5 Sagittal image from a rectal coil magnetic resonance 
image showing the relationships between the bladder (medium white 
arrow), bladder neck (small white arrow), seminal vesicles (curved 
black arrow), and ejaculatory ducts (tiny black arrow), with a midline 
cyst (large white arrow). Note that the distal ejaculatory duct and 
midline cyst are quite distal and inferior to the bladder neck. 
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Figure 6 Histologic section of the distal ejaculatory duct epithelium 
from transurethral resection of the ejaculatory ducts. Specimen 
shows cuboidal and pseudostratified columnar epithelium. (H&E) 
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including normal testes, absence of varicoceles, 
palpable vasa, normal rectal examinations, normal sec- 
ondary sexual characteristics, and normal hormonal 
profiles (2,5,6,9,24). Occasionally, there will be a palpa- 
ble seminal vesicle or mass on rectal examination, or 
prostatic or epididymal tenderness (2,5,6,9,24). Of 
course, these patients can, however, have more than one 
disorder at the same time; i.e., a patient with ejacula- 
tory duct obstruction might also have a varicocele or a 
patient with testicular failure might also have ejacula- 
tory duct obstruction. Although a patient might seem 
to demonstrate findings only of ejaculatory duct obstruc- 
tion, a complete evaluation for other concomitant, pos- 
sibly treatable, disorders is necessary. (For further 
information on the physical findings present in ejacula- 
tory duct obstruction, please refer to Chapter 23.) 

Semen analysis findings in men with partial 
ejaculatory duct obstruction include oligospermia or 
azoospermia, decreased motility, and decreased ejacu- 
late volume (2,6). In some men with only mild, partial 
obstructions, semen analyses can approach normal 
parameters, although motility may remain low (4,24). 
Decreased ejaculate volume, i.e., volumes of less than 1 
cc (normal being 1.5-5 cc), may be suggestive of ejacu- 
latory duct obstruction, but it is by no means pathog- 
nomonic (2,4,5,6,12). With complete ejaculatory 
obstruction, seminal fluid should be theoretically fruc- 
tose negative; however, fructose is often present, 
implying the presence of only partial obstruction (5). 
Pryor and Hendry (9) have stated that the finding of a 
small volume of acidic semen (which does not contain 
fructose) in a patient with palpable vasa is pathogno- 
monic for ejaculatory duct obstruction. (For further 
information on semen analysis findings and interpre- 
tations, please refer to Chapter 24.) 

Historically, vasography was the gold standard 
for diagnosis of proximal and distal ejaculatory duct 
obstruction (5,9,10,12). The invasive nature of this 
study, however, with its significant risks of iatrogenic 
stricture and vasal occlusion as well as the relative 
risks of general anesthesia and radiation exposure, has 
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made TRUS a more attractive diagnostic technique 
(2,10,12-14,26). TRUS is much less invasive and can 
demonstrate the anatomic relationships of the prostate, 
seminal vesicles, and ejaculatory ducts with exquisite 
detail (3,5,10,12,13,18,27,28). Katz et al. (29) reported 
the use of ultrasound-guided transrectal seminal 
vesiculography under local anesthesia. Under TRUS 
guidance, a 22-G needle is advanced into the seminal 
vesicle, and, after its position is confirmed with 
aspiration, the contrast medium is injected. Although 
it has not been generally accepted as yet, this technique 
eliminates the risks associated with vasography while 
preserving excellent radiographic visualization of the 
ejaculatory ducts. Jarow (30) has also shown that 
TRUS-guided seminal vesicle aspiration was useful in 
the diagnosis of partial ejaculatory duct obstruction 
when motile sperm are found in the aspirate. Orhan et 
al. (31) describe the use of TRUS-guided seminal vesi- 
cle aspiration both to diagnose ejaculatory duct 
obstruction and to collect sperm for assisted reproduc- 
tion techniques. (For further information on TRUS 
findings, please refer to Chapter 28.) 

TRUS findings in suspected ejaculatory duct 
obstruction include midline cysts (Fig. 7), dilated sem- 
inal vesicles (Fig. 8A) or ejaculatory ducts, and hyper- 
echoic regions suggestive of calcifications (Fig. 8B) 
(2-6,13,27). Although seminal vesicle dilation has 
been frequently associated with ejaculatory duct obs- 
truction, it is not always present; conversely, normal 
fertile men can, at times, have dilated seminal vesicles 
(18,28,32,33). Jarow (12) showed that seminal vesicle 
width, length, and area did not differ between fertile 
and infertile men on TRUS; he also stated, however, 
that cystic dilation of the seminal vesicles in asso- 
ciation with abnormally low ejaculate volume is 
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Figure 7 Transrectal ultrasound images, transverse on the right 
and longitudinal on the left, showing a small midline cyst at the distal 
ejaculatory duct. 


pathognomonic for ejaculatory duct obstruction. 
Recent literature proposes that seminal vesicles larger 
than 15 mm in transverse diameter are abnormal and 
suggest ejaculatory duct obstruction (2,12,13); how- 
ever, this has not been universally accepted. 

Midline cysts can be classified into two general 
categories: those that contain sperm and those that do 
not (14,20,34,35). These can often be difficult to distin- 
guish (20,26,34). The latter are generally called utricles, 
or Mullerian duct cysts. The differences between utric- 
ular and Mullerian duct cysts include the following: (i) 
their dissimilar embryologic origin, with the utricular 
cysts being of endodermal and Mullerian duct cysts 
being of mesodermal origin; (ii) location, with utricu- 
lar cysts being midline near the verumontanum and 
Mullerian duct cysts nearer the prostate base; and (iii) 
association, with enlarged utricles seen in intersex dis- 
orders (12,13,36). In any case, both cystic conditions 
cause ejaculatory duct obstruction by compressing the 
ducts, and both can be treated by TURED—albeit 
Mullerian duct cysts may be more difficult to resect 
due to their more posterior location (36). 

Cysts that contain sperm have been called 
Wolffian cysts, or ejaculatory duct cysts or diverticula, 
and are less common than the Mullerian duct cysts 
(12,20,26,34,35). Confusion as to whether a cyst is 
Mullerian or Wolffian in origin can be compounded by 
the fact that secondary epididymal obstruction can 
occur after long-term ejaculatory duct obstruction, 
resulting in the possible absence of sperm in a Wolffian 
structure (25,27). Midline cysts cause obstruction of the 
ejaculatory ducts by deviating them laterally or com- 
pressing them (6). Jarow (12) showed when comparing 
TRUS findings between fertile and infertile men that 
infertile men had a significantly greater incidence of 
midline Mullerian duct cysts (11% vs. 0%), but he could 
not draw any conclusions concerning the functional 
significance of this finding. As was true for seminal 
vesicle dilation, the presence of a midline cyst does not 
assure the diagnosis of ejaculatory duct obstruction, 
but certainly suggests it in the correct clinical setting. 

Calcifications along the course of ejaculatory 
ducts might be directly involved in obstruction, but 
those in the prostate itself are associated with prior 
inflammation—although not necessarily with sympto- 
matic prostatitis (3,4,6). How prostate inflammation 
leads to ejaculatory duct obstruction has not been well 
characterized; the inflammatory involvement of the 
ducts themselves leading to stenosis or obstruction 
could play a role, whereas changes in compliance of 
the ejaculatory duct walls or of the adjacent prostatic 
tissue could also cause a functional obstruction 
(9,11,13). Calcifications at the junction of the ejaculatory 
ducts and the urethra have been described in normal 
individuals, on TRUS (3,12). Prostate or ejaculatory 
duct calcifications are associated with ejaculatory duct 
obstruction but are not a reliable indicator of it. 
Jarow (12) found that hyperechoic lesions on TRUS 
were present in a similar proportion of fertile and 
infertile men. 
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Figure 8 (A) TRUS longitudinal image of a dilated fluid-filled vesicle (arrow) measuring 21.8 mm. (B) TRUS longitudinal image showing highly 
echogenic areas (large white arrow) in the region of the distal ejaculatory duct (small white arrow). Abbreviations: b, bladder; p, posterior 


urethra; TRUS, transrectal ultrasound. 


O TREATMENT 


In patients with suspected ejaculatory duct obstruc- 
tion, TURED has become the standard procedure 
(2,4,6,13). It was originally described by Farley and 
Barnes in 1973 (7), and several reports have docu- 
mented its efficacy (2-9,11,15). 

TURED requires a setup similar to that of trans- 
urethral resection of the prostate (6). An O’Connor 
drape is used. Cystourethroscopy is performed to rule 
out strictures in the anterior and bulbar urethra, as 
well as for evaluation of the posterior urethra. 
Cystoscopic findings include distorted verumontanum 
anatomy, splaying of the ejaculatory ducts, bulbous or 
bilobed verumontana, midline cysts, and inflamma- 
tory calcifications (6). Once this is done, the resecto- 
scope is inserted. The proximal verumontanum, which 
may be enlarged, is resected in the midline (Fig. 9). 
TURED is performed using pure cutting current with- 
out coagulation. Commonly, one or two chips are 
resected, removing the proximal verumontanum only. 
Although, historically, lateral Colling’s knife incisions 


Figure 9 Schematic diagram of resection of the proximal verumon- 
tanum. Source: From Ref. 6. 


were made (13), resection lateral to the verumontanum 
is not necessary because the ejaculatory ducts are mid- 
line structures in this region (6). 

With the bladder filled with irrigation fluid, 
palpation of the seminal vesicles is made easier. Mild 
pressure is exerted on the seminal vesicles, resulting in 
fluid being expressed from the respective ejaculatory 
ducts. If no fluid is expressed, another small bite can be 
taken from the verumontanum and seminal vesicle 
pressure applied again. In the authors’ experience, 
operative success for TURED is defined as fluid expres- 
sion from both ejaculatory ducts at the termination of 
the procedure. If bleeding is encountered, gentle coag- 
ulation is recommended, taking care to avoid the ejac- 
ulatory ducts. A catheter is inserted into the bladder 
and may be left in place for 24 to 48 hours. Postoperative 
urinary retention can occur after catheter removal, 
particularly in patients with prior voiding dysfunction. 
In these cases, reinsertion of the catheter for an addi- 
tional 24 to 48 hours may be necessary (6). 

Complications due to TURED are rare if the pro- 
cedure is done carefully and with expertise. Obviously, 
if resection is performed too proximally, damage to the 
bladder neck can result in retrograde ejaculation post- 
operatively. Resection too distally can cause damage to 
the external sphincter, with subsequent urinary incon- 
tinence. Excessive postoperative fibrosis may result in 
scarring and subsequent azoospermia, implying reoc- 
clusion of the ejaculatory ducts. If this occurs, a repeat 
TURED may be necessary (6). Reflux of urine into the 
seminal vesicles, resulting in contamination of the ejacu- 
late with urine, has also been reported (37,38), although 
the clinical significance of this has not been elucidated. 
The authors have reported on a patient with seminal 
vesicle urinary reflux following TURED, causing signi- 
ficant postvoid dribbling (39). Secondary epididymal 
obstruction can occur after long-term ejaculatory duct 
obstruction, necessitating scrotal exploration and vaso- 
epididymostomy for patients who fail to improve after 
TURED and in whom this is suspected (25,27). 

The patient is asked to refrain from sexual acti- 
vity for 7 to 10 days. When sexual activity is resumed, 
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hematospermia may be evident but is self-limited; the 
patient should be warned of this occurrence and 
reassured. A semen analysis is obtained one month 
following the resection. 

Weintraub et al. (5) reported on eight patients 
with ejaculatory duct obstruction diagnosed by TRUS, 
rectal coil MRI, and vasography. Of these, 80% were 
improved symptomatically after TURED, with the 
majority having improvements in sperm density or 
volume, or both; 25% were able to impregnate their 
wives (5). Hellerstein et al. (4) reported on two patients 
with infertility: one with a large midline cyst and one 
with dilated seminal vesicles, both of whom under- 
went TURED for presumed ejaculatory duct obstruc- 
tion. Both had significant improvements in semen 
parameters and both were able to impregnate their 
wives. Finally, Meacham et al. (2) reported on 24 
patients with clinical profiles consistent with ejacula- 
tory duct obstruction—all of whom underwent 
TURED. Fifty percent had an increase in sperm density 
or motility, and 29% had an increase in ejaculate 
volume only. Of the 24, seven (29%) were able to 
impregnate their wives (2). Again, none of these studies 
report on the long-term effects of this procedure. Turek 
et al. (40) showed a greater than 50% improvement in 
semen parameters in 65% of patients after TURED. 
Twenty percent were able to initiate a pregnancy; there 
was a 20% overall complication rate, with the most 
common being a watery ejaculate. Netto et al. (41) 
showed that the etiology of the ejaculatory duct 
obstruction was a significant predictor of success after 
TURED. In those patients with a congenital cause to 
the obstruction, success rates were excellent, with 100% 
improvement in semen parameters (motility, volume), 
83% improvement in sperm count, and 66% pregnancy 
rate. In those patients with an acquired cause to the 
obstruction, only 37.5% had improved semen parame- 
ters and 12.5% pregnancy rate. Furthermore, although 
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O INTRODUCTION 


Numerous systemic diseases alter gonadal function in 
males, either by inhibiting testosterone synthesis in the 
testes or by altering the release of luteinizing hormone 
(LH) and follicle-stimulating hormone (FSH) from the 
pituitary. Severe systemic illness results in the marked 
inhibition of LH and FSH release, thereby causing 
subsequent hypotestosteronemia (1-5). LH pulsatility 
is likewise decreased during critical illness (6). Adminis- 
tration of dopamine during the period of critical illness 
further decreases gonadotropin secretion (7). Table 1 
summarizes the changes in the hypothalamic-—pituitary— 
testicular axis that occur in a variety of chronic diseases. 
Unfortunately, these are limited studies that examine 
the effect of testosterone replacement in disease states, 
making it nearly impossible to conclude whether or 
not the testosterone decrease observed in disease pro- 
cesses is protective or harmful. 

This chapter will review literature involving sev- 
eral of the most common systemic disease states that 
alter gonadal function, detailing the specific hormonal 
changes observed in each condition and what is known 
about their resultant effects on male sexual function. 


O RENAL FAILURE 


Patients with chronic renal failure commonly have a 
poor libido, decreased potency, and diminished testic- 
ular size. Testicular biopsy of renal failure patients 
shows diminished Leydig cells and a thickened base- 
ment membrane with maturation arrest of the germi- 
nal epithelium (8). The majority of patients with 
end-stage renal failure have severe oligospermia or 
azoospermia (9). 

Numerous studies have found low testosterone 
levels in patients with chronic renal failure (10-13), 
which may be explained by increased metabolic break 
down of testosterone (14). Although there is preser- 
vation of the testosterone circadian rhythm (10) as well 
as the response to human chorionic gonadotropin 


(hCG) in renal failure patients (10,15), there is no 
uniformity in the reports on sex hormone-binding 
globulin (SHBG) (14,16,17). 

Renal failure produces almosta universal increase 
in gonadotropin levels, including bioactive and immu- 
noactive LH (15,18-21) and FSH levels (9,15,18,22), and 
gonadotropin response to gonadotropin-releasing hor- 
mone (GnRH) is exaggerated in most cases (19). Levels 
of estradiol (23) and inhibin (12,24) are similarly 
increased. Erythropoietin increased testosterone and 
SHBG but did not lower prolactin levels (25-27). 

In some renal failure patients, low zinc levels 
may also be associated with the low testosterone levels 
(28,29). In one study, zinc replacement was shown to 
increase testosterone in patients on dialysis (30). Renal 
transplantation improves gonadal function in some, 
but not all patients (9,31-35). Some of the continued 
deterioration appears to be due to immunosuppressive 
therapy. Uncontrolled trials have suggested that ana- 
bolic steroids improve anemia, malnutrition, and sexual 
dysfunction in uremic patients (36). This was confirmed 
in a control study utilizing nandrolone (37). 


O CIRRHOSIS 


Testicular atrophy, decreased libido, and gynecomas- 
tia are common manifestations in patients with cirrho- 
sis of the liver (38). In addition, there is a reduction in 
prostate size and decreased incidence of benign pros- 
tatic hypertrophy (38,39). 

In some studies, both the production rates and 
the plasma levels of total and free testosterone are 
reduced in patients with cirrhosis (40), whereas, in 
others, total plasma testosterone levels are not signifi- 
cantly different from that measured in controls (41,42). 
Discrepancies in studies may relate to differences in 
the severity of liver disease, since testosterone decreases 
in proportion to the severity of the liver disease (43) or 
the cause of the cirrhosis. 

Particularly in the case of alcohol-induced cirrhosis, 
plasma SHBG concentrations are typically increased, 
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Table 1 


Alternations in the Hypothalamic—Pituitary—-Gonadal Axis in Male Patients with Systemic Disorders 


Sex hormone- 


Testosterone binding globulin Estradiol FSH LH Prolactin 

Renal failure T J Nort Nort T Nort 
Cirrhosis J T 1 N NorJ Nort 
Hemochromatosis L - - L J J 
Thalassemia Y - - L y = 
Sickle cell anemia L - - TorN or N N 
Hansen’s disease (lepromatous) J - LoT f T T 
Hansen’s disease (tuberculoid) Nort - T NorJl Nor? T 
Myotonia dystrophica y - - T T - 
Paraplegia TorN N Nort il Nort 
Hyperthyroidism t li ay pa 
Hypothyroidism L = = = T 
Diabetes a Tord T Nord Nord Nor? 
Cushing’s syndrome dt - 4 L = 
Protein-calorie malnutrition? J J 4 4 4 = 
Obesity? dt T N N - 
Sleep apnea V L 

Chronic obstructive pulmonary disease | T - TLe - 
Rheumatoid arthritis T - - iN T T 


aNot discussed in the text. 
bin persons receiving glucocorticoids. 
Abbreviations: FSH, follicle-stimulating hormone; LH, luteinizing hormone. 


at least partly as a consequence of increased plasma 
estrone and estradiol (40,41), and, therefore, bioavail- 
able testosterone is usually decreased. This increase in 
SHBG could explain why total testosterone levels are 
not always decreased in patients with cirrhosis com- 
pared to controls. 

In cirrhosis due to idiopathic hemochromatosis, 
SHBG concentrations and the peripheral conversion of 
androgens to estrogens are similar to the levels of 
healthy men (44). The peripheral conversion of andro- 
gens to estrogens (i.e., androstenedione to estrone and 
testosterone to estradiol) is increased in alcohol- 
induced cirrhosis (45—49). The function of the hypo- 
thalamus and pituitary is essentially normal in 
alcohol-induced cirrhosis. 

Basal LH and FSH levels are often slightly ele- 
vated, and the primary abnormality appears to be the 
function of the testes. The gonadotropin response to 
GnRH is mostly normal, but hyper-responsiveness is 
seen in some patients and can be suppressed in end- 
stage disease (40,50,51). 

In male patients with viral cirrhosis, significant 
alterations in plasma estradiol and testosterone levels 
either do not occur (52) or mimic those changes seen as 
the result of alcohol-induced cirrhosis (53). Patients 
with nonalcoholic liver disease have low total and 
free testosterone levels and increased levels of SHBG 
(54). Gonadal function improved, but was not normal- 
ized, one year after liver transplantation, and the 
gonadotropin response to GnRH suggested the pres- 
ence of a hypothalamic defect. 

Plasma prolactin levels have been found to be 
normal or increased in males with cirrhosis (55-57). 
Although there is a normal prolactin response to 
thyrotropin-releasing hormone in most patients, an 
exaggerated response occurs in some (58-60). The 


prolactin circadian rhythm becomes lost in cirrhosis 
(61,62). Elevated prolactin levels correlate with elevated 
“free” tryptophan levels (59). The increased prolactin 
levels present in some cirrhotics appear to be due to 
the elevated estrogen levels and delayed prolactin 
clearance by the liver. 

The altered hormonal changes seen in patients 
with cirrhosis are summarized in Figure 1. The mecha- 
nism of the gonadal hormonal changes would appear 
to be due to increased estrogen production, secondary 
to increased peripheral conversion of androgens (63). 
The elevated estrogens lead to an increase in SHBG 
with a resultant decrease in free testosterone. The 
increased prolactin levels may be secondary to the 
increase in estrogen levels. Testicular damage may also 
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Figure 1 Hormonal changes and their results in men with cirrhosis. 
Abbreviations: FSH, follicle-stimulating hormone; GnRH, gonadotro- 
pin-releasing hormone; LH, luteinizing hormone; SHBG, sex hor- 
mone-binding globulin. 


occur, particularly in cases when the cirrhosis is secon- 
dary to known testicular toxins such as alcohol. 

Testosterone supplementation in men with alco- 
holic cirrhosis is of minimal benefit. It should be noted, 
however, that in men with hypogonadism due to 
hemochromatosis, the administration of testosterone 
treatment produces an almost immediate recovery in 
well-being, libido, and potency, with no adverse effects 
on liver function (64). 


O BLOOD DYSCRASIAS 
Hemochromatosis 


Testicular atrophy was first recognized in patients 
with hemochromatosis in the 1930s (65,66). A later 
study of 1000 patients with hemochromatosis revealed 
an incidence of testicular atrophy approaching 17% 
(67). Most studies have suggested that patients with 
hemochromatosis have low LH levels and an impaired 
response to GnRH (68-70). Long-term treatment with 
hCG serves to elevate testosterone levels (71). These 
findings are compatible with the finding that iron 
deposits are prominent in the pituitary (71) but scanty 
in the testes (70). Venesection has produced partial 
reversal of the hypogonadotropic hypogonadism seen 
in hemochromatosis, but only in persons less than 
40 years of age (72). Patients with hypogonadism from 
hemochromatosis have symptomatic improvement 
when treated with testosterone (73). 

In conclusion, hemochromatosis produces a sec- 
ondary hypogonadism. Liver disease plays little-to-no 
role in the pathogenesis of the hypogonadism. 


Thalassemia 


Patients with beta-thalassemia receive frequent blood 
transfusions that often lead to secondary hemosidero- 
sis. This condition may be responsible for delayed 
puberty, hypogonadism, and short stature. Thalassemic 
patients have a poor responsiveness of LH and FSH to 
GnRH (74). Some children with delayed puberty, 
however, have been shown to respond to pulsatile 
GnRH administration, suggesting an actual problem 
of impaired hypothalamic GnRH release (75). 
Testosterone therapy given at the time of puberty typi- 
cally produces a growth spurt, with an increase in 
nocturnal growth hormone levels and insulin-like 
growth factor-I and insulin growth-like factor binding 
protein 3 (IGFBP-3) (74). 


Sickle Cell Anemia 


Sickle cell anemia is similarly associated with delayed 
puberty. In a large series of sickle cell patients, one- 
third were found to be hypogonadal, exhibiting testic- 
ular atrophy (76). In this study, the patients also had 
low levels of androstenedione and dihydrotestoster- 
one. LH and FSH levels were elevated basally and 
there was an exaggerated response to GnRH with a 
diminished testosterone response. Other researchers 
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have reported a similar hormonal profile suggestive of 
primary hypogonadism in sickle cell disease (77-79). 
The low serum testosterone levels in sickle cell disease 
are associated with low erythrocyte zinc levels (76). 
As in the case of renal failure mentioned previously, 
Prasad et al. (80) found that zinc replacement in persons 
with sickle cell disease increased testosterone levels. 

Other studies have suggested that testosterone 
deficiency in sickle cell disease is due to pituitary 
infarction secondary to intravascular thrombosis 
(81,82). Modebe and Ezeh (83) reported normal FSH, 
LH, and prolactin levels in patients with sickle cell 
disease and low testosterone levels. Landefeld et al. 
(84) reported the case of a 19-year-old male with sickle 
cell disease, who demonstrated an increase in testos- 
terone, LH, and FSH levels when treated with oral 
clomiphene. One major complication of testosterone 
therapy in hypogonadal males with sickle cell disease 
is the possibility of priapism (85,86). 

Overall, it would appear that most cases of hypo- 
gonadism in patients with sickle cell disease are due to 
testicular failure. Some patients, however, clearly 
develop a secondary hypogonadism. The role of zinc 
deficiency in patients with hypogonadism due to sickle 
cell disease deserves further investigation. 


O HANSEN’S DISEASE (LEPROSY) 


Low testosterone levels have been identified in 43% of 
patients with lepromatous leprosy and 5% of those 
patients with borderline lepromatous leprosy (87). 
Low testosterone levels were originally reported in 
patients with lepromatous leprosy in 1968 by Martin 
et al. (88) and have since been confirmed by a number 
of other studies (89-94). The testosterone response to 
hCG was attenuated in patients with lepromatous lep- 
rosy (93). This is in keeping with the 1952 report by 
Grabstald and Swann (95) that the testes are invaded 
in 90% of males with lepromatous leprosy. Destruction 
of the Leydig cells occurs after destruction of the 
seminiferous tubules. Histopathologic examination of 
lepromatous testes showed inflammatory, degenera- 
tive, and fibrotic changes (94). Although reduced 
testicular size has been observed in up to half of lepro- 
matous leprosy patients (90), this is not a universal 
finding, particularly in early disease (89). Additionally, 
some patients develop Leydig cell hyperplasia (96). 

In view of the testicular atrophy, it is not surpris- 
ing that both urinary gonadotropins (95) and serum 
LH and FSH levels have been reported to be elevated 
in lepromatous leprosy (87,89,91-93). The gonadotro- 
pin response to GnRH is exaggerated in patients with 
lepromatous leprosy compared to those with tubercu- 
loid leprosy and normal controls (89). 

Estradiol levels have been found to be either low 
(89) or elevated (90,91,93) in patients with lepromatous 
leprosy. Prolactin levels are typically increased (93). 
In one study, 12 out of 16 patients with lepromatous 
leprosy had oligospermia or azoospermia (90). 
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The situation in the tuberculoid form of Hansen’s 
disease is less certain. Some authors have reported no 
effect of tuberculoid leprosy on gonadal function 
(89,91,92). Two studies, however, have suggested that 
testosterone levels were low, with normal or reduced 
LH and FSH levels suggestive of secondary hypogo- 
nadism. Prolactin and estradiol levels were elevated 
(93,97). In addition, patients with the tuberculoid type 
of Hansen’s disease were found to have a reduction in 
sperm count and motility and an increase in abnormal 
forms of spermatozoa (97). Because these studies uti- 
lized healthy young men as controls, however, it is 
possible that the physiological hypogonadotropic 
hypogonadism associated with aging was a predomi- 
nant factor that clouded their results. Alternatively, 
these findings could be explained by the presence of 
granulomatous disease of the meninges affecting the 
hypothalamic—pituitary stalk. 

In conclusion, patients with Hansen’s disease of 
the lepromatous type have primary hypogonadism 
due to testicular invasion by the lepra bacilli. It is possi- 
ble that patients with the tuberculoid form of leprosy 
develop a secondary hypogonadism secondary to 
granulomatous disease involving the hypothalamus 
or pituitary. 


Myotonic Dystrophy 


Myotonic Dystrophy is a genetic disorder caused by 
multiple CTG repeats lying upstream of a gene that 
encodes a novel protein kinase. This disease is charac- 
terized by muscle weakness, baldness, cataracts, and 
abnormal regulation of adrenocorticotrophic hormone 
and cytokine production. Metabolic disturbances, 
peripheral insulin insensitivity, and cognitive dysfunc- 
tion are common features, including the failure of 
testicular and adrenal testosterone production (98- 
100). Testicular atrophy was first reported in 1909 in 
patients withmyotonicdystrophy (101). Approximately 
80% of patients with myotonia will develop hypogo- 
nadism, although this typically occurs later in 
life, where many patients could have completed their 
families earlier in life (102). On testicular biopsy, tubu- 
lar fibrosis and abnormal spermatogenesis are the most 
common findings (103,104). LH and FSH levels are 
elevated, and the response to GnRH is exaggerated 
(101,104-106). A poor testicular response to hCG has 
been reported in one patient (104). The hypogonadism 
in myotonic dystrophy is of the primary type. Although 
testosterone treatment increases muscle mass in 
patients with myotonic dystrophy, it does not increase 
muscle strength (107). 


Paraplegia 


Patients with paraplegia have decreased skeletal 
muscle and a relative increase in adiposity (108). They 
also develop osteoporosis, particularly of the pelvis 
and lower limbs. Gynecomastia is not an uncommon 
finding in patients with paraplegia (109,110). Early 
studies suggest that evidence of testicular dysfunction 


could be found in up to half of men who become para- 
plegic following trauma (111,112). 

Testicular biopsies are abnormal in approxi- 
mately 40% of persons with paraplegia (113,114). In 
these patients, there is generalized hypoplasia of the 
germinal epithelium associated with spermatogenetic 
arrest. Leydig cells are usually normal, but nodular 
hyperplasia is seen in some subjects. Interestingly, the 
higher the level of the spinal cord lesion, the greater 
the degree of seminiferous tubule damage (115). Sperm 
counts have been reported to be greater than 20 million 
in just over 60% of subjects (114). Motility, however, 
was low, with 77% of patients exhibiting less than 20% 
motility, which may be related to elevated FSH levels. 
Perkash et al. (114) have suggested that the minimiza- 
tion of urinary tract infections and the prevention of 
sperm stagnation in the lower storage areas by periodic 
rectal probe electrostimulation may improve sperma- 
tozoa motility. 

Plasma testosterone levels tend to be below 
normal for the first two to three months following the 
acute trauma before rising into the normal range 
(116,117). This increase is thought to be due to an ear- 
lier posttraumatic increase in circulating epinephrine 
levels, which occurs very soon after the acute trauma 
has taken place. In quadriplegics, testosterone levels 
remain low for a longer period of time (118,119). 
Interestingly, some paraplegic patients demonstrate 
slightly higher long-term testosterone levels than in 
nonparaplegics (108), but another study has suggested 
that other patients might develop lower than normal 
levels (120). One study reported that the majority of 
free androgen indices (testosterone /SHBG) in persons 
with paraplegia were within the normal range (121). 
In another study with small numbers of patients, ade- 
quate testosterone response to hCG was found (113). 

In contrast to the normal testosterone levels, 
elevated LH and FSH levels associated with an exag- 
gerated gonadotropin response to GnRH have 
been reported in many patients with paraplegia 
(113,116,120,122,123). This suggests that many of these 
patients have, in fact, compensated primary hypogo- 
nadism. In quadriplegics, however, LH levels appear 
to be low, particularly in the acute period following 
the traumatic injury (117,119), suggesting that these 
patients, who often also have low testosterone, have 
secondary hypogonadism. Plasma prolactin levels are 
elevated in a number of paraplegics (116,123). 


O ENDOCRINE DISORDERS 


The autoimmune underpinnings of many endocrine 
failure disorders lead to hypogonadism being associ- 
ated with a variety of other endocrine disorders. Both 
Type I and Type II polyglandular autoimmune syn- 
dromes are associated with hypogonadism (124-126). 
Antisperm antibodies have been reported to be 
present in Type I polyglandular failure (127). POEMS 
syndrome consists of plasma cell dyscrasias with 


polyneuropathy, organomegaly, endocrinopathy (dia- 
betes mellitus and primary gonadal failure), M protein 
in plasma, and skin changes (hyperpigmentation) 
(128). The Kearns-Sayre syndrome is a rare syndrome 
characterized by myopathic abnormalities leading to 
ophthalmoplegia and progressive weakness associated 
with hypoparathyroidism, primary gonadal failure, 
diabetes mellitus, and hypopituitarism (129). Patients 
with Down’s syndrome often develop hypogonadism 
(130). Adrenoleukodystrophy is a genetic paroxysmal 
disorder associated with progressive antral demyelin- 
ation, primary adrenal insufficiency, and primary 
hypogonadism (131). 

One in five patients with hyperthyroidism 
develop gynecomastia (132-134). This is associated 
with increased total (135,136) and free (134,137) estra- 
diol levels. Ridgway et al. (138) showed that 
the decreased plasma clearance rate of estradiol was 
due to increased binding of estradiol to SHBG. 
Hyperthyroidism had minimal effects on estradiol 
production rate. Serum estradiol levels decline after 
treatment of hyperthyroidism (124,135). 

In hyperthyroidism, total testosterone and SHBG 
levels are increased (135-137,139-143) and free or 
bioavailable testosterone is decreased (137,142,143). 
Androstenedione (139) and 17-hydroxyprogesterone 
(144) levels are also elevated. The testicular response to 
hCG has been found to be impaired (142,144— 
146). Prolactin levels are unchanged in hyperthy- 
roidism (142). 

Gonadotropin levels are increased in hyperthy- 
roidism (135,136,141,146). There is no change in the 
pulsatility of LH and FSH secretion in hyperthyroid- 
ism (142). Patients with hyperthyroidism had an exag- 
gerated response to GnRH (142,145,147). 

Zinc deficiency occurs in hyperthyroidism, and, 
as with other conditions previously mentioned, this 
has been demonstrated to be associated with a decline 
in testosterone production (148). The changes in the 
hormonal milieu in hyperthyroidism appear to be 
predominantly due to the increased SHBG levels 
associated with a mild defect in gonadal testosterone 
production. 

Hypothyroid patients have abnormalities in sper- 
matogenesis and Leydig cell function (149). Androgen 
secretion declines in hypothyroidism and the meta- 
bolic transformation of testosterone is shifted toward 
etiocholanolone rather than androsterone (150). The 
low testosterone levels in hypothyroidism are associ- 
ated with low gonadotropin levels; thus, these patients 
have secondary hypogonadism (151,152). SHBG levels 
are decreased in hypothyroid patients (152). Prolactin 
levels are elevated in some, but not all, patients with 
hypothyroidism (151). Thyroxin replacement reverts 
the hypothalamic—pituitary-gonadal axis to normal in 
patients with hypothyroidism (151,152). 

Men with Addison’s disease have dehydroepi- 
androsterone (DHEA) levels that are one-tenth of those 
seen in normal men (153). They also have a decreased 
response of testosterone to hCG. 
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Persons with Cushing’s syndrome have decreased 
libido, impotence, oligospermia, and_ histological 
changes in the testes (154-157). Testosterone levels are 
reduced in males with Cushing’s syndrome (158-160). 
Steroids have an antigonadotropic action on the Leydig 
cell membrane (161). 

Testosterone decreases and LH increases when 
dexamethasone is administered acutely (162). It would 
appear, however, that the ability of steroids to inhibit 
LH at the pituitary level leading to secondary hypogo- 
nadism is the major reason for hypogonadism in 
patients with Cushing’s syndrome. 


Diabetes Mellitus 


Plasma total and free testosterone levels are reduced in 
men with diabetes mellitus, independent of age and 
body mass index (163). Furthermore, a stepwise 
decrease in mean testosterone levels per categorical 
increase in fasting plasma glucose is apparent in both 
diabetics and nondiabetics (164). In men with Type 1 
diabetes mellitus, plasma testosterone is lowest when 
control is very poor (165), but there is no relationship 
between the severity of retinopathy (166) or other com- 
plications (167) and the level of plasma testosterone. 
Levels of SHBG have been reported to be either 
increased (168,169) or decreased (170,171) in diabetics. 
There is a mild impairment of the testosterone response 
to hCG in diabetics (168). Basal gonadotropin levels 
are normal in diabetics (171-174), but the LH and FSH 
response to GnRH is impaired, particularly in the pres- 
ence of hyperglycemia (175). Dihydrotestosterone 
(164,173), DHEA (176), and DHEA-sulfate (164,176,177) 
have all been found to be lower in patients with diabe- 
tes, whereas estradiol levels were found to be slightly 
increased in one study (178). Young men with diabetes 
exhibit prolactin secretion that has a normal pulse 
frequency, but a decline in maximal peak amplitude 
and peak area (179), whereas older persons with Type 
II diabetes were reported to have elevated prolactin 
levels (180). 

Excessive visceral adiposity results in decreased 
plasma testosterone and insulin resistance and 
substantially increases the risk of diabetes mellitus. 
Administration of testosterone under these circum- 
stances may decrease visceral fat and improve glucose 
tolerance (181). Type II diabetes mellitus is, however, 
associated with lowered plasma testosterone levels 
independent of obesity in both Melanesian and 
Caucasian men (182,183). In older diabetic men, there is 
a relationship between the presence of diabetic dyslip- 
idemia and the decrease in plasma testosterone (183). 

Total testosterone and SHBG have been associ- 
ated with defects in nonoxidative glucose disposal and 
upper body adiposity in normoglycemic men (184). 
Insulin has been shown to stimulate testosterone pro- 
duction (and suppress SHBG production) in both 
normal and obese men (185). Administration of testos- 
terone to centrally obese, hypogonadal, middle-aged 
men has improved insulin sensitivity. 
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Leptin is produced from fat cells, and while 
women have higher leptin levels than men when cor- 
rected for adipose cell mass (186,187), leptin levels are 
independently associated with testosterone level (188); 
testosterone replacement in hypogonadal males serves 
to reduce leptin levels (189,190). 

Data from the Massachusetts Male Aging Study 
showed that after controlling for potential confound- 
ers, diabetes at follow-up was predicted jointly and 
independently by lower baseline levels of free testos- 
terone and SHBG (191). 

In conclusion, persons with diabetes have 
low testosterone levels secondary to both gonadal 
and hypothalamic-—pituitary defects. Testosterone 
replacement improves sexual performance in dia- 
betes (172). 


O PULMONARY DISEASE 
Obstructive Sleep Apnea 


Sleep apnea results in decreased plasma testosterone 
and SHBG levels in proportion to the severity of the 
sleep apnea (192). Gonadotropin levels are normal 
(192). Men with obstructive sleep apnea have lower 
plasma testosterone levels than those men who only 
snore, even when matched for body mass index. 
Furthermore, successful treatment of sleep apnea 
results in an improvement in both plasma testosterone 
levels and sexual function (192,193). Conversely, tes- 
tosterone administration has been demonstrated to 
depress ventilatory drive and increase sleep apnea in 
adult men by affecting the neuromuscular control of 
upper airway patency during sleep (194,195). This 
would appear to be an effect of exogenously admin- 
istered testosterone, since one week of androgen block- 
ade using flutamide had no clinically significant effect 
on sleep, sleep-disordered breathing, or chemosensi- 
tivity in patients with moderate-to-severe sleep apnea 
(196). Snyder et al. (197) demonstrated no deleterious 
effects of testosterone in patients with sleep apnea 
when the testosterone was administered by patch 
resulting in physiologic levels of testosterone. 


Chronic Obstructive Pulmonary Disease 


In 1979, Semple et al. (198) reported that persons with 
chronic obstructive pulmonary disease (COPD) had 
very low testosterone levels. The decrease in circulat- 
ing testosterone levels was related to the severity of 
hypoxia (199), and was associated with a marked 
decline in sexual activity in men with COPD (200). 
Oral glucocorticoid treatment produces a marked 
decrease in testosterone due to a direct effect on the 
hypothalamic—pituitary axis (201-203). Similar effects 
on testosterone are not seen with inhaled corticoste- 
roids (201). The low testosterone levels are reversed by 
oxygen therapy (204-206). Overall, the cause of the 
low testosterone levels appears to involve both testicu- 
lar and hypothalamic-—pituitary defects (207,208). 


O RHEUMATOID ARTHRITIS 


In 1986, Gordon et al. (209) reported that males with 
rheumatoid arthritis had low testosterone and a free tes- 
tosterone index associated with an increase in LH and 
FSH compared to age-matched controls. Subsequently, 
others have confirmed the low testosterone levels in 
patients with rheumatoid arthritis (210-215). These 
patients have low testosterone response to hCG when 
compared to normal subjects (211). Testosterone levels 
decrease during rheumatoid arthritis flares and increase 
slowly after the flare settles (212). LH and FSH levels are 
elevated in patients with rheumatoid arthritis who are 
not taking glucocorticoids (216). Salivary testosterone, 
androstenedione, and DHEA-sulfate are also decreased 
in patients with rheumatoid arthritis (217). Serum pro- 
lactin levels are also elevated in these patients (218). 

A pilot study suggested that testosterone replace- 
ment may increase the CD8+ T cells and decrease 
immunoglobulin M rheumatoid factor levels (219). 
This was associated with an improvement in clinical 
correlates of rheumatoid arthritis. A randomized clini- 
cal trial of testosterone for nine months failed to show 
a positive effect of testosterone on disease activity in 
males with rheumatoid arthritis (220). 
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O INTRODUCTION 


It has been recognized for many years that testicular 
dysfunction is relatively common following treatment 
with cytotoxic chemotherapy and radiotherapy. The 
number of malignancies that are potentially treatable 
has increased over the last few decades. This, coupled 
with the improving long-term survival rates of many 
cancers, has meant that the number of surviving 
patients who have received cytotoxic therapy or radio- 
therapy is growing rapidly, and cancer treatment is 
becoming an increasingly common cause of acquired 
testicular dysfunction. 

Germinal epithelial damage resulting in oligo- or 
azoospermia has long been a recognized consequence 
of certain chemotherapeutic agents and radiotherapy, 
and there is also some evidence of Leydig cell dysfunc- 
tion following treatment. Testicular damage is drug 
specific and dose related (1-4). The chance of recovery 
of spermatogenesis following cytotoxic insult and also 
the extent and speed of recovery are related to the 
agent used and the dose received. It has also been sug- 
gested that the germinal epithelium of the adult testis 
is more susceptible to damage than that of the prepu- 
bertal testis (5), implying that patient age or matura- 
tion of the testis at the time of cytotoxic insult may 
influence the degree of damage. Radiotherapy-induced 
testicular damage is similarly dose dependent, with 
speed of onset, chance of reversal, and time to recovery 
of spermatogenesis all related to the testicular dose of 
irradiation (6). In contrast, however, the little data avail- 
able regarding the influence of pubertal status suggest 
that, unlike the germinal epithelium, Leydig cell func- 
tion may be more prone to damage from irradiation in 
prepubertal life compared with in adulthood (7). 


O CHEMOTHERAPY 


Spitz (8) first described testicular damage from cyto- 
toxic drugs in humans in 1948, when he found 
azoospermia in 27 of 30 men at autopsy following 
treatment with nitrogen mustard. Many other drugs, 
particularly alkylating agents, have subsequently been 
shown to be gonadotoxic, and the agents most 


commonly implicated are listed in Table 1. The germi- 
nal epithelium is far more sensitive to the effects of 
cytotoxic drugs than the Leydig cells, and whilst com- 
plete azoospermia is not uncommon following therapy, 
evidence of Leydig cell dysfunction is usually limited 
to raised luteinizing hormone (LH) levels with normal 
or low-normal testosterone levels. Most research has 
focused on either cyclophosphamide given alone for 
immunologically mediated disease or combination 
chemotherapy used in the treatment of hematological 
malignancies and testicular cancer. 


Cyclophosphamide Alone 


Rivkees and Crawford (5) published an analysis of 
30 studies that examined gonadal function after vari- 
ous chemotherapy regimens, which included a total of 
116 males who had been treated with cyclophospha- 
mide alone. Gonadal function and/or histology were 
assessed by a number of different methods: semen 
analysis, basal LH and follicle-stimulating hormone 
(FSH) levels, and testicular biopsy being the most com- 
monly used. Of the 116 patients, 52 (45%) had evidence 
of testicular dysfunction following treatment. The 
incidence of gonadal dysfunction correlated with the 
total dose of cyclophosphamide, occurring in over 80% 
of postpubertal patients who received more than 
300 mg/kg. 


Treatment of Hematological Malignancy 


The impact on testicular function of chemotherapy 
used in the treatment of lymphomas, especially 
Hodgkin’s disease (HD), has been widely reported. 
Several studies have reported azoospermia with raised 
FSH levels in over 90% of men following cyclical che- 
motherapy with mustine, vinblastine, procarbazine, 
and prednisolone (MVPP) (13,14). 

In an attempt to reduce the gonadotoxic effect of 
MVPP by halving the alkylating drug and reducing the 
procarbazine dose, a hybrid of chlorambucil, vinblas- 
tine, prednisolone, procarbazine, doxorubicin, vincris- 
tine, and etoposide (ChIVPP/EVA) has been used. In a 
direct comparison with MVPP, however, hybrid 
chemotherapy was found to have the same effect on 
gonadal function (15). An alternative regime, however, 
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Table 1 Gonadotoxic Drugs 


Group Definite gonadotoxicity 
Alkylating agents Cyclophosphamide (5) 
Chlorambucil 
Mustine 
Melphalan 


Busulfan (9) 
Carmustine (10) 
Lomustine (10) 
Antimetabolites Cytarabine 
Vinca alkaloids Vinblastine (11) 
Others Procarbazine 
Cisplatin (12) 


consisting of adriamycin, bleomycin, vinblastine, and 
dacarbazine (ABVD) has been shown to be less gonado- 
toxic. Viviani et al. (16) studied a total of 53 men treated 
with combination chemotherapy for HD. Of 29 men 
treated with MOPP (similar to MVPP but with vinblas- 
tine replaced by vincristine), 28 were azoospermic at a 
median time of six months after the completion of ther- 
apy. Of these, 21 were retested 18 to 58 months after 
the initial analysis, and in only three was any recovery 
of spermatogenesis seen. The impact of ABVD was, 
however, considerably less, with a normal sperm count 
in 11 of 24 patients and oligospermia in a further five. 
Furthermore, full recovery of spermatogenesis 
occurred within 18 months of the first evaluation in all 
13 men in whom the sperm count was repeated. 

Other chemotherapy regimens utilized for the 
treatment of lymphomas have also been investigated. 
The effect on adult testicular function has been assessed 
in patients treated for HD during childhood with 
ChIVPP. Mackie et al. (17) found testicular dysfunc- 
tion, as indicated by raised gonadotrophin levels, in a 
significant proportion of a cohort of 46 male patients 
treated with ChIVPP, with 89% and 24% having raised 
FSH and LH levels, respectively. The use of cycloph- 
osphamide, vincristine, procarbazine, and predniso- 
lone (COPP), which includes the gonadotoxic agent 
cyclophosphamide in addition to procarbazine, is 
associated with even more marked gonadal dysfunc- 
tion. Charak et al. (18) found azoospermia in all 92 
patients following treatment with six or more cycles of 
COPP, along with significant increases in gonadotro- 
phin levels compared with pretreatment values. 
Median follow-up in this study was six years, with 
17% of patients treated more than 10 years previously, 
suggesting that germinal epithelial failure is likely to 
be permanent. 

In addition to effects on the germinal epithelium, 
there is also some evidence of Leydig cell dysfunction 
following chemotherapy for lymphomas. Howell et al. 
(19) measured testosterone and LH levels in 135 men 
treated with either MVPP or ChIVPP/EVA hybrid. 
They demonstrated a significantly higher LH level in 
patients compared with a cohort of age-matched con- 
trols (mean LH 7.8 IU/L vs. 4.1 IU/L). This group sug- 
gested that this raised LH level indicated a reduction in 
hypothalamopituitary negative feedback consequent 


upon a small reduction in testosterone production. 
This may still result in testosterone levels within the 
cross-sectional normal range, and thus mild Leydig 
cell dysfunction was defined as a raised LH in the pres- 
ence of a testosterone level in the lower half of the 
normal range or frankly subnormal. This combination 
was found in 44 men (31%) following chemotherapy, 
with a further 10 (7%) having a raised LH level alone. 
This suggests that a significant proportion of men 
treated with cytotoxic chemotherapy have biochemical 
abnormalities, suggesting mild testosterone deficiency; 
the clinical significance of this is discussed later. 
Chemotherapy regimens used for the treatment of 
non-Hodgkin’s lymphoma (NHL) are generally less 
gonadotoxic than those used for HD. Pryzant et al. (1) 
reported on 71 patients treated with cyclophosphamide, 
doxorubicin, vincristine, and prednisolone (CHOP)- 
based chemotherapy. All men were rendered azoosper- 
mic during treatment, but by five years, 67% had 
recovered to normospermic levels, with a further 5% 
oligospermic. The reduced incidence of permanent 
infertility in men treated for NHL compared with HD 
patients is probably related to the absence of procarba- 
zine in the standard regimens used for NHL (20), 
although the reduction in the dose of alkylating agents 
may also be important. The absence of procarbazine and 
alkylating drugs is also the likely explanation for the 
reduced toxicity of ABVD reported by Viviani et al. (16). 
Other regimens not containing procarbazine, which 
have been used for NHL, have also been shown to be 
less gonadotoxic. Vincristine, doxorubicin, predniso- 
lone, etoposide, cyclophosphamide, and bleomycin 
(VAPEC-B) (21), vinblastine, doxorubicin, prednisolone, 
vincristine, cyclophosphamide, and bleomycin (V ACOP- 
B) (22), MACOP-B (mustine in place of vinblastine) (22), 
and VEEP (vincristine, etoposide, epirubicin, and 
prednisolone) (23) have all been associated with normal 
posttreatment fertility in the vast majority of men. 
Testicular function following high-dose chemo- 
therapy used as preparation for bone marrow trans- 
plantation has also been studied. Sanders et al. (9) 
reported on 155 men treated with cyclophosphamide 
(200 mg/kg) or busulphan and cyclophosphamide 
(busulphan 16 mg/kg and cyclophosphamide 200 mg/ 
kg). After an average of two to three years posttrans- 
plant, 67 of 109 who received cyclophosphamide (61%), 
but only 8 of 46 (17%) patients treated with busulphan 
and cyclophosphamide, had recovery of testicular 
function defined by normal LH, FSH, and testosterone 
levels with evidence of sperm production. The only 
prospective study to examine testicular function fol- 
lowing high-dose treatment reported on 13 men who 
received either BEAM (BCNU, etoposide, Ara-C, and 
melphalan) (n = 11) or melphalan and single-fraction 
total body irradiation (n = 2) (24). All had previously 
received multiagent chemotherapy, and four had 
abnormal semen parameters before transplantation. 
All patients were azoospermic two to three months 
posttransplantation, which is associated with raised 
FSH levels. LH levels increased and testosterone levels 
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decreased after transplantation, indicating that Leydig 
cell damage was apparent in addition to germ-cell 
failure. 

These findings were also confirmed by Howell 
et al. (19), who studied 68 patients treated with high- 
dose chemotherapy (either cyclophosphamide, BCNU 
and etoposide, busulphan and cyclophosphamide or 
BCNU, etoposide, doxorubicin, and melphalan) as 
conditioning for bone marrow transplant. They dem- 
onstrated a raised FSH in 60 patients (88%) and a raised 
LH level in 47 men (69%), 22 of whom (32%) also had a 
testosterone level in the lower half of the normal range 
or frankly subnormal. 


Treatment for Testicular Cancer 


The other group of patients in whom the effects of che- 
motherapy on testicular function have been widely 
investigated is those with testicular cancer (25-28). To 
attempt to delineate which abnormalities are the results 
of cytotoxic chemotherapy, several of these studies 
also examined pretreatment testicular function or have 
compared chemotherapy-treated patients with those 
who underwent orchiectomy alone. Lampe et al. (27) 
analyzed data concerning 170 patients with testicular 
germ cell cancers who underwent treatment with 
either cisplatin- or carboplatin-based chemotherapy. 
Of them, 40 (24%) were azoospermic prior to treat- 
ment, with a further 41 (24%) oligospermic. A median 
of 30 months after the completion of chemotherapy, 
only 64% of those who were normospermic before 
therapy remained normospermic, while 54 (32%) of 
the total cohort were azoospermic and 43 (25%) oligo- 
spermic. The probability of recovery to anormal sperm 
count was found to be higher for those men with a 
normal pretreatment sperm count, those who received 
carboplatin- rather than cisplatin-based therapy, and 
in those treated with less than five cycles of chemo- 
therapy. Recovery continued for more than two years, 
with the calculated chance of spermatogenesis at two 
years being 48%, and at five years, 80%. Several authors 
have compared testicular function in patients follow- 
ing chemotherapy with that of patients treated with 
orchiectomy alone (25,26,28). All have demonstrated 
greater testicular dysfunction in the cytotoxic-treated 
groups, with evidence of germinal epithelial damage 
indicated by raised FSH levels and/or reduced sperm 
counts. In addition, mild Leydig cell dysfunction, as 
indicated by raised LH levels in the presence of a 
normal testosterone level, was found in 59% to 75% of 
men following chemotherapy, compared with 6% to 
45% in those following orchiectomy alone. 


Other Malignancies 


Similar results have been demonstrated in patients 
treated with cisplatin-based chemotherapy for osteo- 
sarcoma (29) and lung cancer (30). The majority of 
patients treated with cytotoxic chemotherapy for leu- 
kemia, however, do not have persistent gonadal dys- 
function. Wallace et al. (31) found long-term germinal 


epithelial dysfunction in only 6 out of 36 (17%) patients 
treated during childhood for acute lymphocytic leuke- 
mia, although the period of follow-up in this study 
was considerable and the majority of patients had evi- 
dence of germinal epithelial damage on testicular 
biopsy immediately after chemotherapy (which 
included cyclophosphamide and cytosine arabinoside) 
at a median time of 10.7 years earlier. 


O RADIOTHERAPY 


The testis is one of the most radiosensitive tissues, with 
even very low doses of radiation causing significant 
impairment of function. Damage may be caused during 
direct irradiation of the testis or, more commonly, from 
scattered radiation during treatment directed at adja- 
cent tissues. 


Single-Dose Irradiation 


The effects of relatively low-dose, single-fraction irra- 
diation on spermatogenesis in healthy fertile men 
have been well documented (6) and are illustrated in 
Figure 1. The more immature cells are more radiosen- 
sitive, with doses as low as 0.1 Gy causing morpholog- 
ical and quantitative changes to spermatogonia. Doses 
of 2 to 3 Gy result in overt damage to spermatocytes, 
leading to a reduction in spermatid numbers. At doses 
of 4 to 6 Gy, numbers of spermatozoa are significantly 
decreased, implying damage to spermatids. The decline 
in sperm count following damage to more immature 
cells, with doses of up to 3 Gy, takes 60 to 70 days, with 
doses above 0.8 Gy resulting in azoospermia and doses 
below 0.8 Gy giving rise to oligospermia. A much faster 
fall in sperm concentration occurs following doses of 
4 Gy and above due to damage to spermatids. 

Recovery of spermatogenesis takes place from 
surviving stem cells (type A spermatogonia) and is 
dependent on the dose of radiation. Complete recov- 
ery, as indicated by a return to preirradiation sperm 
concentrations and germinal cell numbers, takes 
place within 9 to 18 months for doses of 1 Gy or less, 
30 months for doses of 2 to 3 Gy, and five years or more 
for doses of 4 Gy and above. 


Scattered Irradiation 


Animal data suggest that fractionation of radiotherapy 
increases its gonadal toxicity, and the evidence sug- 
gests that this is also the case in humans. Speiser et al. 
(32) studied 10 patients who received a testicular dose 
of radiation of 1.2 to 3 Gy in 14 to 26 fractions during 
inverted Y-inguinal field irradiation for HD. All 
patients were azoospermic following treatment, and 
recovery was not seen in a single patient despite follow- 
up of over 15 months in four patients and up to 
40 months in one. An update of these data published in 
1994 (33) revealed no recovery of spermatogenesis in 
patients receiving doses of 1.4 to 2.6 Gy after 17 to 
43 months of follow-up, but a return of fertility occurred 
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in the two patients with testicular radiation doses of 
1.2 Gy, suggesting that this may represent a threshold 
for permanent testicular damage. Hahn et al. (34) car- 
ried out serial semen analysis on 11 cancer patients 
who had received large pelvic field irradiation or inter- 
stitial 15I seeds implanted in the prostate gland. 
The dose of radiation to the testis was 1.18 to 2.28 Gy 
delivered in 24 to 34 fractions. All patients became 
azoospermic and recovery to oligospermia (three men) 
or normospermia (two men) was only seen in five 
patients. The other six remained azoospermic during a 
follow-up period of 35 to 107 weeks. 

Lower doses of radiation to the testes are, how- 
ever, associated with better recovery rates for sper- 
matogenesis. Centola et al. (33) reported a return of 
spermatogenesis in all eight patients who received 
radiation doses of 0.28 to 0.9 Gy for testicular semi- 
noma, with four out of five reviewed at 12 months 
having normal sperm counts. Kinsella et al. (35) pub- 
lished data concerning 17 patients who had received 
low-dose, scattered irradiation during treatment 
of HD. Testicular doses of less than 0.2 Gy had no 
significant effect on FSH levels or sperm counts, while 
doses between 0.2 and 0.7 Gy caused a transient dose- 
dependent increase in FSH and reduction in sperm 
concentration, with a return to normal values within 
12 to 24 months. 


Leydig Cell Function 


Leydig cells are more resistant to damage from radio- 
therapy than the germinal epithelium. Significant rises 
in LH have been demonstrated with single-dose radia- 
tion doses of above 0.75 Gy (6) and fractionated doses 
of above 2 Gy (36). No change in testosterone level, 
however, was seen at these doses, and LH values 
showed a gradual return to normal levels over 
30 months. Higher testicular radiation doses do, how- 
ever, result in more marked Leydig cell insufficiency. 
Giwercman et al. (37) studied 20 men previously 
treated with unilateral orchiectomy for testicular 


Azoospermia < 60 days 


Spermatids 


Figure 1 Impairment of sperma- 
togenesis following single-dose 
irradiation: the effect of radiation 
dose on stage of germ-cell 
damage and time to onset and 
recovery from germ-cell damage. 
Source: From Ref. 6. 


cancer, who received direct testicular irradiation at a 
dose of 20 Gy in 10 fractions for carcinoma in situ in 
the remaining testis. A significant increase in mean LH 
levels was observed within the first three months 
(10.4-15.6 IU/L), with a decrease in mean serum tes- 
tosterone level (13.3 nmol/L). Similar results were 
observed by Shalet et al. (7) in adults treated with high- 
dose (30 Gy) testicular irradiation following unilateral 
orchiectomy. Serum testosterone levels were signifi- 
cantly reduced (12.5 nmol/L vs. 16.0 nmol/L), and LH 
levels significantly increased (16 IU/L vs. 6 IU/L) 
compared with a control group who had undergone 
unilateral orchiectomy without subsequent radiother- 
apy. In addition, more marked abnormalities were 
observed in a group of five adult men treated with the 
same testicular dose of irradiation during childhood. 
Median LH level was greater than 32 IU/L, median 
testosterone level less than 2.5 nmol/L, and there was 
no response to a human chorionic gonadotrophin 
stimulation test, suggesting that the prepubertal testis 
is much more vulnerable to radiation-induced Leydig 
cell damage. 


Clinical Impact of Leydig Cell 
Dysfunction 


A significant proportion of men have evidence of 
impairment of Leydig cell function following high- 
dose chemotherapy, procarbazine-containing chemo- 
therapy, or radiation involving the testis. The 
biochemical abnormalities are usually mild and con- 
sist of a raised LH level associated with a low/normal 
testosterone level. The deleterious impact of overt tes- 
tosterone deficiency and the clear, subsequent benefits 
of androgen replacement in such patients on bone den- 
sity, body composition, and quality of life have been 
well demonstrated. There are few data, however, con- 
cerning the impact of milder forms of testosterone 
deficiency. 

Howell et al. (19) investigated a cohort of 
men treated with MVPP, ChIVPP/EVA hybrid, or 
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high-dose chemotherapy for a variety of malignancies. 
They identified a cohort of 35 men with biochemical 
evidence of mild Leydig cell insufficiency as defined 
by a raised LH level and a testosterone level in the 
lower half of the normal range or frankly subnormal. 
Significantly reduced bone mineral density at the hip 
as well as some evidence of altered body composition, 
reduced sexual activity, and alterations in mood were 
demonstrated in these men when compared with a 
similarly treated cohort with normal hormone levels 
(38,39). The LH-insufficient men were then enrolled 
into a 12-month randomized, single-blind, placebo- 
controlled trial of testosterone replacement (40). During 
the 12-month study period, however, there were 
no significant improvements in bone density, body 
composition, sexual function, energy levels, or mood 
in the testosterone-treated group compared with 
the controls. 

Thus, it seems likely that the mild biochemical 
abnormalities (raised LH, low/normal testosterone) 
observed in many men following cytotoxic chemother- 
apy are not of clinical importance in the vast majority 
of patients and that androgen replacement cannot be 
routinely indicated for such patients. It remains possi- 
ble, however, that a minority of men with more marked 
biochemical abnormalities may benefit from androgen 
therapy. 


O GENETIC DAMAGE FOLLOWING 
CYTOTOXIC TREATMENT 


In addition to impairment of steroidogenesis and 
sperm production, there has been concern that cyto- 
toxic chemotherapy may also result in transmissible 
genetic damage. Animal studies have demonstrated 
untoward effects in the offspring of animals treated 
with cytotoxic agents, but no clear evidence of this has 
been reported in humans. Increased aneuploid fre- 
quency has been observed in human sperm following 
chemotherapy for HD (41,42), and an increase in chro- 
mosomal abnormalities has been demonstrated several 
years after treatment for testicular cancer (43). Data 
concerning the outcome of pregnancies, however, have 
not shown any increase in genetically mediated birth 
defects, altered sex ratios, or birthweight effects in the 
offspring of cancer survivors (44)—possibly as a result 
of selection bias against genetically abnormal sperm. 
With the available evidence thus far, it is therefore rea- 
sonable to conclude that patients treated with cytotoxic 
chemotherapy who remain fertile are not at increased 
risk of fathering children with genetic abnormalities. 


O PROTECTION OF TESTICULAR FUNCTION 
DURING CANCER TREATMENT 


The deleterious effect of chemotherapy and radiother- 
apy on germinal epithelial function has initiated a 
search for possible strategies to preserve fertility in men 
undergoing therapy. 


Semen Cryopreservation and Assisted 
Reproduction 


Cryostorage of semen has become standard practice 
and should be offered to all men before they undergo 
potentially sterilizing therapy. Improvements in the 
techniques used to store semen (45) and advances in 
the field of assisted reproduction, such as intra- 
cytoplasmic sperm injection (ICSI), have increased the 
chance of successful pregnancies using cryopreserved 
sperm. There are, however, some limitations to this 
method of preserving fertility. Firstly, it is not a feasi- 
ble option for prepubertal patients. Furthermore, 
testicular function in adult males with malignant dis- 
ease is often impaired before treatment (46), resulting 
in poor sperm quality or difficulty providing semen 
for storage. Oligospermia is found in one-third to one- 
half of patients with HD, NHL, and testicular cancer 
pretreatment and also occurs in men with leukemia 
and soft-tissue cancer (47). Sperm motility is also 
impaired in these patients and the process of freezing 
and thawing semen further reduces the sperm quality. 
Although successful fertilization may be achieved with 
only a few viable sperm using ICSI, pregnancy rates 
using this method are lower with abnormal semen 
than with normal semen (48). As a result, methods for 
protecting or enhancing the recovery of normal sper- 
matogenesis following gonadotoxic therapy have been 
pursued (see Chapters 33 and 38). 


Hormonal Manipulation 


The belief that prepubertal boys have a lower rate of 
permanent chemotherapy-induced gonadal damage 
(5) has led many investigators to propose that suppres- 
sion of testicular function in adult men (i.e., inducing a 
prepubertal state) will provide a degree of protection 
against cytotoxic therapy. Irrespective of the validity 
of the hypothesis, data derived from animal models 
have been encouraging, but there is at present no con- 
vincing evidence of similar success in humans. Ward 
et al. (49) demonstrated enhanced recovery of sper- 
matogenesis in procarbazine-treated rats by the admin- 
istration of the GnRH analogue Zoladex for two weeks 
before chemotherapy and during chemotherapy. 
Increased stem-cell survival was evident by 50 days, 
and at 90 days, sperm count was close to normal values 
and significantly higher than procarbazine-only— 
treated rats. Similar protective effects of hormonal 
treatment have been described following the use of 
testosterone (50), testosterone and estradiol (51), GnRH 
and testosterone (52), and GnRH and the antiandrogen 
flutamide (53,54) following gonadal insult with pro- 
carbazine, cyclophosphamide, or radiotherapy. Pogach 
et al. (52) suggested that testosterone administered 
after treatment with procarbazine enhanced the recov- 
ery of spermatogenesis. More recently, Meistrich and 
Kangasniemi (55) have confirmed that treatment with 
either testosterone or Zoladex following irradiation 
with 3.5 Gy markedly improves the recovery of sper- 
matogenesis, even if treatment is delayed for 10 weeks 
after irradiation. The same group had previously 
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shown that spermatogenesis did not occur after a simi- 
lar dose of irradiation despite the presence of type A 
spermatogonia in the seminiferous tubules (56); they 
postulated that the role of hormonal treatments in the 
“protection” of germinal epithelial function may be to 
enhance the recovery of surviving type A spermatogo- 
nia and to facilitate their differentiation to more mature 
cells rather than to protect them from damage during 
cytotoxic therapy or radiotherapy. They suggested that 
a reduction in intratesticular testosterone or one of its 
metabolites is the mechanism by which hormone 
therapy stimulates recovery of spermatogenesis (56). 

In humans, attempts to reproduce the protective 
effects seen in animals have been unsuccessful. Several 
groups have used GnRH analogues, with and without 
testosterone, to suppress testicular function during 
MOPP (57) or MVPP (58) chemotherapy for lymphoma, 
cisplatin-based chemotherapy for teratoma (59), and 
testicular irradiation for seminoma (60). None has 
demonstrated any significant protective effect of these 
therapies in terms of maintenance of spermatogenesis 
or increasing the rate of recovery; however, none of the 
studies involved the continuation of gonadal-suppres- 
sive therapy for a significant period of time after the 
completion of chemotherapy or radiotherapy. The 
most recent animal data suggest that hormonal treat- 
ment may enhance recovery of spermatogenesis from 
surviving stem cells rather than protect them from 
damage during cytotoxic or radiation insult. Thus, 
suppression of gonadal function with a GnRH agonist 
or testosterone for a fixed time after the completion 
of irradiation or chemotherapy may prove more 
successful in reducing the impact of these treatments 
on fertility. 

This approach relies on enhancing the recovery 
of sperm production, and, therefore, a prerequisite for 
its success is the survival of stem cells during the 
gonadotoxic insult. There are, however, few data 
regarding testicular histology after chemotherapy or 
radiotherapy. Following cisplatin-based chemother- 
apy and low-dose radiation, spontaneous recovery of 
spermatogenesis occurs in most patients, although 
there is often a latent period of azoospermia that may 
last several years. The eventual recovery of spermato- 
genesis, however, implies the survival of type A sper- 
matogonia. Following chemotherapy for HD with 
procarbazine-containing regimens and high-dose 
radiotherapy, recovery to oligo- or normospermia is 
much less common. Testicular biopsies taken after 
standard chemotherapy (MVPP and COPP) for HD 
have shown complete germinal aplasia with a Sertoli- 
cell-only pattern (13,18,46,61,62), and this is also the 
case in men treated with 20 Gy radiotherapy (37). There 
have been some recent reports of the isolation of mature 
sperm in the testicular parenchyma of some men with 
biopsy evidence of Sertoli-cell-only, suggesting that 
even in this situation there may be small foci of 
spermatogenesis (63). In addition, recovery of sper- 
matogenesis occurs in a minority of these patients, 
indicating that some germ cells survive in some 


patients; however, the absence of histological evidence 
of any spermatogenesis at biopsy in many men sug- 
gests that all spermatogonia may be eradicated during 
chemotherapy. 

Hormonal manipulation after treatment to 
enhance the recovery of spermatogenesis is therefore 
likely to be of most benefit in those patients in whom 
the testicular insult is less severe, as it is these patients 
in whom there is significant preservation of type A 
spermatogonia. The success of this approach in those 
patients who have undergone more gonadotoxic ther- 
apy will depend on whether any stem cells remain. 
Complete ablation of the germinal epithelium may 
occur in many men following treatment with procar- 
bazine-based chemotherapy regimens for HD, and this 
will clearly be irreversible. 


Stem-Cell Cryopreservation 


Results from recent animal experiments have also indi- 
cated another possible method of preserving testicular 
function during gonadotoxic therapy. In 1994, Brinster 
and Zimmermann (64) demonstrated that stem cells 
isolated from a donor mouse could be injected into the 
seminiferous tubules of a sterile recipient mouse and 
result in the initiation of spermatogenesis. Later, the 
same group was able to demonstrate that spermato- 
genesis can be achieved in previously sterile mice fol- 
lowing cryopreservation, with subsequent injection of 
donor stem cells into the testis. Potentially, therefore, 
stem cells could be harvested from the human testis 
before the start of sterilizing therapy, freeze-stored, 
and reimplanted at a later date, with a subsequent 
return of spermatogenesis. 

A clinical trial testing this hypothesis is currently 
underway in adults: 16 men have had testicular tissue 
harvested shortly before commencing treatment with 
sterilizing chemotherapy for HD or non-Hodgkin’s 
lymphoma. In each case, a 0.5-cm cube of testicular 
tissue is enzymatically digested to produce a single- 
cell suspension that, following equilibration in cryo- 
protectant, is stored in liquid nitrogen (65). Seven men 
have now successfully completed chemotherapy, and 
thawed testicular suspension has been reinjected into 
the donor testis. Semen analysis has demonstrated a 
return of spermatogenesis in one man at the time of 
writing; however, this may simply represent spontane- 
ous recovery of spermatogenesis—as is seen in a small 
proportion of men following treatment—rather than 
repopulation from cryopreserved stem cells. The lack 
of greater success may relate to problems in reinjecting 
the testicular suspension. The seminiferous tubules in 
adult men are too fibrous to allow direct injection, and 
therefore the indirect approach of injecting into the 
rete testes and relying on retrograde flow to fill the 
tubules was necessary. This may not occur to a suffi- 
cient extent to allow repopulation and a return of sper- 
matogenesis. Further studies are currently being 
undertaken using nondisaggregated testicular tissue 
and the results are awaited with interest. 
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O SUMMARY 


Treatments with cytotoxic chemotherapy and radio- 
therapy are associated with significant gonadal 
damage in men. Alkylating agents such as cyclophos- 
phamide and procarbazine are the most common 
agents implicated. The vast majority of men receiv- 
ing procarbazine-containing regimens for the treat- 
ment of lymphomas are rendered permanently 
infertile. Treatment with ABVD appears to have a 
significant advantage in terms of testicular function, 
with a return to normal fertility in the vast majority 
of patients. Cisplatin-based chemotherapy for testic- 
ular cancer results in temporary azoospermia in most 
men, with a recovery of spermatogenesis in about 
50% after two years and 80% after five years. 
There is also evidence of Leydig-cell impairment in a 
proportion of these men, although this appears to be 
of no clinical significance in the majority of patients. 
The germinal epithelium is very sensitive to 
radiation-induced damage, with changes to sper- 
matogonia occurring after as little as 0.1 Gy and 
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O INTRODUCTION 


The potential hazard of toxicants to the male reproduc- 
tive system is well established (Table 1) (1-3). A toxi- 
cant, whether a chemical, physical, or biological agent, 
acts by interrupting biological processes either by a 
direct chemical action or indirectly via metabolic prod- 
ucts by altering physiological control systems (4). In 
the male reproductive system, such an interruption 
can occur at any level of the hypothalamic—pituitary— 
testicular axis, or alternatively, by altering posttesticu- 
lar events such as sperm motility and/or function. Any 
disruption of these events by toxicants may lead to 
hypogonadism and/or infertility (3). 

The most extensively studied toxicants are the 
chemotherapeutic agents and radiation therapies used 
to treat malignancies (5-7). Of the thousands of chemi- 
cals used in the workplace, relatively few have been 
examined for their effects on reproductive function (8). 
Recent interest has focused on the contribution of envi- 
ronmental toxic exposure to changes in male reproduc- 
tive function (9,10). 


O ENVIRONMENTAL AND OCCUPATIONAL 
CHEMICAL EXPOSURE 


The environmental theory suggests that environmental 
or occupational exposure to compounds with endo- 
crine-disruptive properties may account for changes in 
male reproductive health. In support of this hypothesis 
are the possible global decline in sperm concentration 
and the recent increase in the incidence of testicular 
cancer and other disorders of the male reproductive 
tract, particularly hypospadias and cryptorchidism (11). 

The most widely studied evidence of potential 
environmental reproductive hazards is the report that 
sperm counts have declined in certain industrialized 
countries around the world (9-13). The debate was 
initiated by Carlsen et al. in 1992 (12) when they pub- 
lished a meta-analysis of semen data reported in 61 
studies worldwide between 1966 and 1991. These 
authors concluded that a significant decrease in mean 
sperm concentration of approximately 50% had 
occurred in industrialized nations during the time 
period studied (12). In response to this publication, a 
number of investigators published data in support of 


and in conflict with the Carlsen data. Reanalysis of the 
original Carlsen data by a number of investigators, 
some of whom expanded the meta-analysis to include 
studies published through 1996, verified a significant 
decrease in sperm density in the United States (13-15). 
Reanalysis of the data by others using a different sta- 
tistical approach, however, led them to conclude that 
no significant decrease had occurred in the United 
States (16,17). 

Because of the controversy, a number of European 
and U.S. investigators researched if similar decreases 
in sperm counts could be documented in their clinics 
and laboratories. Variable results were reported. Some 
groups reported a decline in sperm concentration, 
whereas others did not (18-23). 

In the United States, Paulsen et al. noted no 
change in sperm parameters amongst healthy men 
studied between 1972 and 1993 in Seattle (22). Sokol 
and colleagues (23) recently reported that the semen 
parameters in a group of 1385 samples collected from 
men presenting for an initial screening semen analysis 
in Los Angeles, California, over a three-year period 
were similar to those reported in studies conducted by 
MacLeod et al. on a similar population of men in New 
York in the 1950s and 1970s (24-25): 17% of the men in 
the 1951 study, 15% of the men in the 1976 study, 18% 
in the recent Los Angeles study had sperm concentra- 
tions less than 20 million sperm/mL, the WHO cut-off 
for a normal sperm concentration (26). Mean and 
median sperm concentrations, percentage motility, 
and percentage normal sperm forms were almost 
identical amongst the three groups studied. 

These variable findings have led most investiga- 
tors to conclude that if a decline in semen quality 
actually exists, there may be significant geographic 
differences. In support of this hypothesis are the pub- 
lished reports suggesting that sperm concentration in 
the United States is dependant on geographic loca- 
tion (27,28). In one of the first studies to suggest a 
relationship between semen quality and geographic 
locale, the highest sperm concentrations were found 
in samples collected for sperm banks in New York, 
with intermediate numbers in Minnesota, and the 
lowest numbers in Los Angeles (27). A recent study 
reported that men living in an agrarian city had sig- 
nificantly lower sperm concentrations than men living 
in urban areas (28). 
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Table 1 Toxicants Documented to Alter Male Reproduction 


Metals 
Boron 
Cadmium 
Chromium 
Lead 
Mercury 
Industrial chemicals 
Chlorinated hydrocarbons 
Polychlorinated biphenyls 
Organic solvents 
Phthalates 
Polycyclic aromatic hydrocarbons 
Vinyl chloride 
Agricultural chemicals 
Dibromochloropropane 
Dichloro-diphenyl-trichloroethane 
Dioxins 
Epichlorohydrin 
Ethylene dibromide 
Kepone (chlordecone) 
Methoxychlor 
Antineoplastic agents 
Radiation 


Theories explaining this geographic phenomenon 
are based on environmental, socioeconomic, racial, 
age, and methodological parameters, the latter primar- 
ily in methods of semen analysis, selection criteria for 
subjects, season during which the semen analysis was 
performed, and abstinence time prior to collection of 
the semen sample (10,29). Arguing against the racial 
and socioeconomic theories are the findings of the 
National Survey of Family Growth, which found no 
differences in the prevalence of infertility across 
education levels or racial or ethnic categories in the 
United States (30). A similar geographic difference in 
the incidence of testicular cancer and other male repro- 
ductive congenital defects has been reported (10). 

Although numerous chemicals have been sug- 
gested as potential male reproductive toxicants, few 
have been extensively studied. Identified toxicants 
leading to reproductive dysfunction in males can be 
categorized according to their source of exposure and 
their chemical composition. 


Heavy Metals 


The adverse reproductive effects of a number of heavy 
metals have been described in humans and experi- 
mental animals (1-3). Of these, the most extensively 
studied is lead. 

The reproductive toxicity of lead was recognized 
in the days of the Roman Empire (31). Although lead 
exposure has been dramatically reduced because of the 
regulation of lead-containing gasoline (31), the envi- 
ronmental exposure to toxic levels of lead occurs in a 
number of industries, with potential adverse effects on 
the reproductive capacity of exposed men (32-36). 
Clinical and animal studies indicate that abnormalities 
of spermatogenesis result from toxic exposure to lead 
(36-38). In animals, lead exposure results in a dose- 
response suppression of serum testosterone and 


spermatogenesis (39). Mechanistic studies suggest that 
lead exposure disrupts all levels of the reproductive 
axis (36—40). Adverse reproductive effects appear to be 
dose related, reversible, and age related, with pubertal 
animals being the most sensitive (36). Clinical studies 
are less definitive than the animal studies but support 
the evidence that toxicity occurs at all levels of the 
reproductive axis. In a pioneering study, Lancranjan et 
al. (33) evaluated the semen, serum testosterone levels, 
and urinary gonadotropins of men who worked in a 
battery plant and were exposed to lead on the produc- 
tion line versus office workers. They found a dose- 
related suppression of spermatogenesis, normal or 
decreased serum testosterone, and normal urinary 
gonadotropins in the exposed workers. Follow-up 
studies by investigators throughout the world reported 
variable results, some concluding that the primary site 
of toxicity is the central nervous system, with others 
concluding that the gonad is the most sensitive organ. 
Recent evidence suggests that lead interferes with the 
ability of spermatozoa to undergo the acrosome 
reaction, thus leading to infertility (37). Ion-channel 
polymorphisms may also cause differential sensitivi- 
ties to lead exposure (37). 

Less thorough studies have been reported on the 
effects of the other heavy metals on male reproduction. 
Cadmium, another ubiquitous metal, is a testicular 
toxin. Animal studies suggest direct testicular toxicity 
(37,41). Clinical studies also associate cadmium expo- 
sure with testicular toxicity, altered libido, and infertil- 
ity (38). Studies similar to those of lead exposure 
suggest a cadmium-based disruption of the acrosome 
reaction (37). 

Both organic and inorganic mercury can alter 
spermatogenesis and fertility in experimental animals 
(41). Workers are primarily exposed to mercury during 
the manufacture of thermometers, mercury vapor 
lamps, paint, electrical appliances, and in mining (41). 

Boron is extensively used in the manufacture of 
many products including glass, cements, soaps, car- 
pets, crockery, and leather. Earlier studies conducted 
using animal models suggested that the major adverse 
reproductive effect of boron is on the testes (3,42). 
Exposure of rats to low levels of boric acid induces an 
inhibition of elongate spermatid release and may inter- 
fere with hypothalamic—pituitary control of spermato- 
genesis (41). Oligospermia and decreased libido were 
reported in men working in boric acid-producing fac- 
tories (42). The effects of chromium exposure on male 
reproduction remain unclear (43,44). 


Industrial Chemicals 


The most thoroughly studied nonheavy metal indus- 
trial chemical is methyl chloride, a colorless gas used 
primarily as a chemical intermediate in the production 
of organosilicate compounds and gasoline antiknock 
additives (3,45). Acute exposure of rats to methyl 
chloride causes toxicity in both the testis and epididy- 
mis. In a series of elegant studies, investigators identi- 
fied the initial testicular lesion to be caused by delayed 


release of late-stage spermatids from the seminiferous 
epithelium, followed by generalized disruption and 
disorganization of the seminiferous epithelium (45). 
Further studies have provided evidence to implicate 
the testicular toxicity of methyl chloride in the induc- 
tion of the cytotoxic effects on sperm that eventually 
lead to failure of fertilization and concomitant increased 
preimplantation loss postexposure (46). 

Organic solvents have also been reported to 
induce deleterious changes in semen quality, testicular 
size, and gonadotropins (8). Phthalate esters—com- 
monly found in plastics—may affect development and 
reproduction, including disruption to germ cells, 
cryptorchidism, and hypospadias in laboratory ani- 
mals (47) and to sperm motility in human males by 
acting as estrogen agonists (48). In females, phthalate 
esters have been proposed as an etiology for prema- 
ture breast development (49). A number of polycyclic 
aromatic hydrocarbons, which form during incomplete 
combustion of organic materials, act as antiandrogens 
in vitro (50). Polychlorinated biphenyls, ubiquitous 
chemicals in nature, act as estrogen agonists and are 
associated with the feminization of fish, reptiles, and 
mammals (51). 


Agricultural Chemicals 


Dibromochloropropane (DBCP) is a nematocide that 
was widely used in agriculture in the United States and 
Europe until 1977. The initial studies reported by 
Whorton found a direct relationship between sperm 
count and duration of DBCP exposure in DBCP pro- 
duction workers in Northern California (52). Animal 
and human studies confirmed that DBCP is a testicular 
toxin (53). Exposed workers usually present with ele- 
vated follicle-stimulating hormone levels and abnormal 
semen analyses (54). Recovery of spermatogenesis and 
fertility by exposed men is variable following removal 
of the exposure (55,56). Using an animal model, 
Meistrich et al. reported evidence of stem-cell sper- 
matogonia after DBCP treatment of rats, suggesting the 
possibility of recovery of spermatogenesis with gonad- 
otropin-releasing hormone agonists (57). Although 
DBCP use is now prohibited in the United States, well 
water continues to be contaminated in some states, and 
DBCP use is still allowed in a number of countries. 

Other agricultural chemicals implicated as male 
reproductive toxicants include epichlorohydrin, 
dichloro-diphenyl-trichloroethane (DDT), ethylene 
dibromide, kepone, and the dioxins (3). DDT, a 
commonly used pesticide, acts as an estrogen antago- 
nist when absorbed, competing with estradiol for 
estrogen receptors. Thus, DDT can alter the male 
reproductive system by disrupting the hypothalamic- 
pituitary-testicular axis. For further information 
on the hypothalamic—pituitary-testicular axis (see 
Chapters 3 and 4). Exposure to DDT and its metabo- 
lites is proposed as the cause of ambiguous genitalia 
and lowered testosterone levels in Florida alligators 
(58) and reproductive disorders in the Florida 
panther (59). 
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Similarly, kepone, a chlorinated polycyclic ketone, 
manifests estrogen-like actions. Low-dose kepone 
exposure in male rats and quail adversely affects the 
testes. Abnormal sperm morphology and abnormal 
testicular biopsies have been reported in kepone 
production workers (60). 

Agent Orange, the most widely used of the herbi- 
cides during the Vietnam War, was actually a blend of 
two herbicides, one of which was 2,4,5-trichlorophen- 
oxyacetic acid—itself widely used in the United States 
until it was banned in 1979. These herbicides have been 
investigated as possible male reproductive toxicants. 
Data published on the toxic effects of Agent Orange 
continue to elicit controversy. In an epidemiologic 
study conducted by Townsend et al. (61), no adverse 
reproductive events were documented in the wives of 
employees exposed to chlorinated toxins. Most investi- 
gators report no alteration in semen characteristics or 
infertility in men exposed to Agent Orange (62). A more 
recent study, however, suggests an association between 
currently used pesticides and reduced semen quality 
(63). In a case-control study, men in whom all semen 
parameters were low (cases) were compared to men in 
whom all semen parameters were within normal limits 
(controls). The levels of metabolites of pesticides (atra- 
zine and alachlor) in urine samples were higher in the 
men from an agrarian state (Missouri) than in those 
from an urban state (Minnesota). This is, however, an 
association and does not support cause and effect. 


Radiation Therapy and 
Chemotherapeutic Agents 


Exposure to X-rays, neutrons, and radioactive material 
can cause germinal cell destruction (6,64). Radiation 
effects on spermatogenesis depend on the total dose 
received and the developmental stage of the germ cell 
at the time of exposure (65). 

The increasingly successful treatment of patients 
with malignant disease with either chemotherapy or 
radiation therapy has focused attention on the 
long-term effects of these therapies on gonadal func- 
tion and fertility (64,65). Cytotoxic damage to the 
testicular germinal epithelium by cancer treatment 
with chemotherapy, with or without radiation, is well 
documented. A review of the literature suggests that 
in adults the severity of germ-cell damage and the 
recovery of spermatogenesis are related to the cate- 
gory of the chemotherapeutic agent prescribed and to 
the dose and duration of therapy. The effects of radia- 
tion and chemotherapy on male reproductive function 
are discussed further in the Chapters 20 and 38. 


O CONCLUSION 


The need to identify reproductive toxicants in the envi- 
ronment and workplace is clear. The evaluation of the 
infertile man should include a careful history to 
uncover any exposures that might have compromised 
fertility. The clinician can and should take an active 
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role in the identification and prevention of reproduc- 
tive toxicity by taking the following steps (66): 


Identify the exposure and the potential health 
effects. 

Characterize the extent of exposure. 

Assess the degree of risk to the patient. 
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O INTRODUCTION 


The relationship between nutrition and health has been 
appreciated since antiquity. The Greek physician 
Hippocrates wrote on this subject around 400 B.C., and 
prior to that time another Greek physician, Dioscorides, 
wrote about the medical properties of different plants 
(1). Only recently, however, has attention been paid to 
the impact of micronutrients on fertility. 

Micronutrients can be defined as elements needed 
in relatively minute amounts in the diet (<1 ppm) and 
by the body (<1%) (2) for the maintenance of health 
and growth in animals and in humans. Vitamins and 
trace mineral elements are regarded as the major 
classes of micronutrients in the diet. 

Relatively little is known about the impact of 
micronutrients, nutritional status, and nutritional sup- 
plements on human male reproductive function. An 
improved understanding of the mechanisms of action 
and effects of micronutrients on male fertility is needed, 
as both deficiency and excess of these elements can 
disrupt biological equilibrium and impact fertility. 
Nutritional abnormalities may be an important and 
neglected cause of reproductive impairment in man. 
The recommended dietary reference intakes of major 
elements and vitamins thought to impact reproductive 
function for adult men are listed in Table 1 (3). 

This chapter will briefly summarize the impact of 
micronutrients on the fertility of animals and females 
and review available data on the mechanisms and 
effects of various trace elements and vitamins on male 
reproductive function. 


O MICRONUTRIENTS AND 
ANIMAL FERTILITY 


The reproductive well-being and performance of farm 
animals are largely dependent on the nutritional status. 
Animal studies have shown that poor nutrition caused 
by inadequate, excess, or imbalanced nutrient intake 
may adversely affect the various stages of the repro- 
ductive event (Table 2). Micronutrients are involved in 
functions such as intracellular detoxification of free 
radicals, synthesis of reproductive steroids and other 
hormones, and the metabolism of carbohydrates, pro- 
teins, and nucleic acids. Deficiencies and/or excesses 


of micronutrients can impair spermatogenesis and 
libido in the male and postpartum recovery and milk 
production in the female, as well as the in utero and 
postbirth development and survival of offspring (2). 


O MICRONUTRIENTS AND 
FEMALE FERTILITY 


In women, micronutrients may also play a necessary 
role in maintaining normal fertility potential. The 
importance of amino acids and water-soluble vitamins 
in optimizing culture media for in vitro fertilization is 
well documented (4). Furthermore, detectable amounts 
of homocysteine, vitamins B,, and Bg, and folate (folic 
acid, B41) have been demonstrated in the follicular fluid 
(5). Therefore, it is reasonable to assume that such 
micronutrients must be present in sufficient amounts 
in the female for her to have normal fertility potential. 

The relationship between nutritional status and 
obstetric outcome is well established (6). Impaired 
maternal nutrition may be related to the intrauterine 
fetal “programming” of disease expressed in adult- 
hood (7,8). There is, however, a paucity of the litera- 
ture regarding the impact of nutrition and 
micronutrients on female fertility. The number of well- 
documented studies is still very small. 


O MICRONUTRIENTS AND MALE FERTILITY 


A number of antioxidants, trace elements, and vita- 
mins are thought to affect male reproductive function. 
The following is a review of the relative impact of each 
of these micronutrient classes. 


Antioxidants 


The presence of seminal oxidative stress in infertile 
men suggests its role in the pathophysiology of infer- 
tility (9). Reactive oxygen species (ROS) are involved 
in the peroxidative damage of human spermatozoa 
seen in many cases of male infertility (10). These free 
radicals may arise from defective spermatozoa and 
from leukocytes (11). ROS convert superoxide anions 
to hydrogen peroxide and initiate a lipid peroxidation 
cascade. In the terminal stages of sperm differentiation 
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Table 1 Recommended Daily Intake of Major Micronutrients for Adult Men 


Recommended daily 


Selected food sources 


Organ meats, seafood, and plants (depending on selenium content of soil) 
Fortified cereals, red meats, certain seafood 


Enriched cereal grains, dark leafy vegetables, enriched and whole-grain breads and 


bread products, fortified ready-to-eat cereals 


Citrus fruits, tomatoes, tomato juice, potatoes, Brussels sprouts, cauliflower, broccoli, 


strawberries, cabbage and spinach 


Nutrient allowance 
Trace elements 
Selenium 55 ug 
Zinc 11mg 
Vitamins 
Vitamin A 900 ug 
Vitamin C 90 mg 
Vitamin D 5-15 ug 
Vitamin E 15 mg 
Folic acid 400 ug 


Fish liver oils, flesh of fatty fish, fortified milk products and fortified cereals 
Vegetable oils, unprocessed cereal grains, nuts, fruits, vegetables and meats 
Enriched cereal grains, dark leafy vegetables, enriched and whole-grain breads and 


bread products, fortified ready-to-eat cereals 


Source: From Ref. 3. 


in humans, a considerable portion of the sperm cyto- 
plasm is discarded and the remnants are confined to 
the mid-piece (10). As a consequence, these cells are 
not well endowed with the cytoplasmic defensive 
enzymes that protect most other cell types from perox- 
idative damage. This developmental event, combined 
with the presence of high concentrations of unsatu- 
rated fatty acids in the plasma membrane, could poten- 
tially render the spermatozoa susceptible to oxidative 
stress (10). 

A number of antioxidant systems are present in 
semen to protect against the damaging effects of ROS 
(12). Glutathione peroxidase is one such system that is 
assumed to have a role in protecting cells from the 
harmful effects of toxic metabolites and free radicals 
by preventing lipid peroxidation of membranes (13). 

The effects of oral antioxidant treatment (N- 
acetyl-cysteine or vitamin A plus E) and essential fatty 
acids on sperm quality in 27 infertile men were recently 
reported (14). During treatment, the amount of ROS 
was reduced and the percentage of induced acrosome 
reaction increased. Sperm motility and morphology 
were not improved, but sperm concentration was 
increased in oligozoospermic men (7.441.3-12.54 
1.9 million/mL). 

In an in vitro study, antioxidants were shown to 
reduce the loss of sperm motility caused by ROS gen- 
erated by polymorphonuclear leukocytes (15). The 
impairment of sperm motility observed in the presence 
of activated leukocytes was reduced by the presence of 
glutathione, N-acetyl-cysteine, hypotaurine, and cata- 
lase. The authors concluded that these antioxidants 
can protect against sperm movement damage induced 
by ROS and may be of clinical value in assisted con- 
ception procedures. 


Trace Elements 
Selenium 


Selenium is an essential trace mineral that is of major 
importance in human biology (16). The effects of selenium 
in serum and tissues of mammals appear to be medi- 
ated by the activation of several selenium-dependent 


compounds, including glutathione peroxidases (17) 
and other selenoproteins (18). As an essential compo- 
nent of the enzyme glutathione peroxidase (19), which 
is present in both animal and human semen (20), 
the ability of selenium to protect tissues from damage 
by free radicals may be related to its antioxidation 
properties (13). 

Both low and high seminal plasma selenium 
levels may be harmful to male fertility (21). A reduc- 
tion in selenium concentration could theoretically 
render spermatozoa more vulnerable to oxygen radi- 
cals. ROS are involved in the initiation of normal bio- 
chemical processes in human spermatozoa, such as 
hyperactivated motility and the acrosome reaction 
(10), which occur after the sperm reach the uterus and 
fallopian tubes. Since a premature induction of these 


Table 2. The Importance of Micronutrients on Reproduction in 
Farm Animals 


Micronutrient Deficiency consequences 


Vitamin A Delayed puberty 
Low conception rate 
High embryonic mortality 
Reduced libido 
Low sperm concentration 
High incidence of cytoplasmic droplets 
Retained fetal membrane 
Reduced sperm motility 
Reduced uterine contraction 
Cystic ovaries 
Low fertility rate 
Retained fetal membrane 
Low fertility 
Delayed/depressed estrus 
Abortion/fetal resorption 
Zinc Impaired spermatogenesis 
Impaired development of secondary sex 
organs in males 
Reduced fertility and litter size in multiparous 
species 


Vitamin E 


Selenium 


Copper 


Source: From Ref. 2. 


processes would be detrimental to the fertilization pro- 
cess, it is likely that mechanisms exist in the semen that 
hinder this from occurring too early. 

In animals, selenium has been shown to be an 
essential element for normal male reproductive 
function. The most well-characterized effects of sele- 
nium deficiency on mammalian spermatozoa include 
loss of motility, breakage at the mid-piece level, and an 
increased incidence of sperm-shape abnormalities, 
mostly of the sperm head (22,23). 

Selenium concentrations in the reproductive 
organs seem to differ geographically, depending on 
dietary intake. The concentrations of selenium were 
found to be generally higher in a Norwegian study 
(30% and 15% higher in testes and prostate tissues, 
respectively) compared to the tissue concentrations 
reported for the same organs in a Finnish study (24,25). 
This is in accordance with the blood levels of selenium, 
which also appear to be lower in the Finnish population 
(26). This discrepancy may be explained by differences 
in dietary intake. 

Selenium has been reported to protect against the 
toxic effects of heavy metals through undefined mech- 
anisms (27). The tendency of selenium to form com- 
plexes with heavy metals may be one way to explain 
its protective effect (28); its antioxidant properties may 
be another (29). 

The testis is reported to be the reproductive organ 
with the highest concentration of selenium (Table 3). 
This high selenium concentration may be important in 
regulating certain enzymes during spermatogenesis. 
The selenium concentration in the testis is regulated by 
a homeostatic mechanism, which ensures a priority in 
the supply of selenium to the male gonads over other 
tissues (30). Furthermore, the selenium requirement of 
the testis is increased during pubertal maturation, in 
parallel with the beginning of spermatogenesis (31). 
The high rates of mitosis and the various stages of mei- 
osis in the seminiferous tubules may expose germinal 
cell chromosomes to the potentially damaging influ- 
ence of free radicals in the local environment, thus cre- 
ating a need for an effective antioxidant system such as 
that offered by selenium. 

The role of intracellular selenium in spermatozoa 
is still poorly understood (32). Selenium appears to be 
present in spermatozoa (20) and, at least in rats, is 


Table 3 Selenium Concentration (ug/g Dry Weight) in Tissue 
Samples of Human Reproductive Organs, Kidney, and Liver 
from 41 Men 


Organ SD Mean Median Range 
Testis 2.6 0.8 2.6 1.6-6.3 
Epididymis 1.2 0.4 1.1 0.2-1.9 
Prostate 1.3 0.4 1.3 0.6-2.1 
Seminal vesicle 15 0.5 1.5 0.6-2.6 
Kidney 4.7 1.7 4.3 2.2-9.7 
Liver 1.9 0.6 1.9 0.9-3.7 


Source: From Ref. 24. 
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incorporated during the secondary spermatocyte 
or early spermatid stage, where a specific selenopro- 
tein is found in the outer membrane of the sperm 
mitochondria (33). 

Despite the relatively high selenium concentra- 
tion in the testes described above, selenium concentra- 
tion in seminal plasma is less than 50% of serum values 
(25), suggesting a relative barrier at the level of the 
secretory epithelia in the male reproductive organs. 
Subsequent studies, however, have shown that selenium 
supplementation raises the selenium concentration and 
glutathione peroxidase activities in the seminal fluid of 
subfertile men (32,34), indicating an equilibrium 
between the blood and seminal compartments. 

The selenium concentrations in the semen of 
infertile men were not found to be statistically differ- 
ent from a control group (23). Reports on the relation- 
ships between sperm quality and selenium in seminal 
fluid are inconsistent. Some studies reported that sele- 
nium concentrations in seminal plasma correlate posi- 
tively with sperm density (21,24,35,36), while others 
were unable to show such a relationship (37,38). 
Selenium proteins can detach from the outer surface of 
the spermatozoa during centrifugation, which may 
explain the positive correlation between sperm count 
and seminal-fluid selenium noted in some studies. On 
the other hand, approximately 75% to 85% of the total 
ejaculated content of selenium originates from the 
seminal plasma (21,35). Indeed, the high values found 
in vasectomized men have suggested that the majority 
of semen selenium originates from the accessory sex 
glands (21). A positive correlation between selenium 
and zinc concentrations in seminal plasma (24,37) sug- 
gests that the prostate plays a significant role in the 
secretion of selenium, since zinc is an acknowledged 
marker of prostatic secretion. (For further information 
on this topic, please refer to Chapter 7.) The presence 
of selenium in the prostate fraction of ejaculation 
(the prostate and epididymal secretions are the earlier 
portions of ejaculatory fluid) ensures its interaction 
with the spermatozoon before the latter is confronted 
with the hostile vaginal environment. 

The concentrations of selenium in the accessory 
sex glands and epididymis are approximately 50% of 
that in the testes (24,25). Despite the fluid resorption 
capacity of the epididymis (39), it has a selenium con- 
centration less than half of that found in the testes. 
If the selenium in the testis was solely associated with 
sperm cells, a higher level would have been expected 
in the epididymis because of the accumulation of 
sperm cells in the epididymal tubule. It is therefore 
more likely that selenium primarily exists in the testis, 
not only in the spermatozoa, but also in the other tissue 
compartments. Indeed, evidence suggesting the pres- 
ence of a specific selenium receptor in the rat testes has 
been presented (40). Selenium was also found to be 
concentrated in the Sertoli cells of bulls (41). The 
significant correlations between the tissue levels of 
selenium in the reproductive organs suggest that its 
uptake and/or biochemical activities in these tissues 
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are controlled by similar mechanism(s). One possi- 
bility is that selenium concentrations are regulated by 
androgen-dependent events. 

The need for dietary selenium supplementation 
is well defined for experimental animals and livestock; 
however, the optimal need for this trace element in 
humans is not well characterized, and the intake of 
selenium in human seems to vary between different 
geographical regions (42). The recommended daily 
allowance of selenium for adult men is currently esti- 
mated to be 55 ug (Table 1) (3). Supplementation of 
subfertile men with 100 ug selenium per day for three 
months significantly increased sperm motility (43). 
This is in contrast to another study, in which a 
selenium supplementation of 200 ug improved neither 
the sperm motility nor other characteristics of sperma- 
tozoal quality (32). 

In experimental animals and in livestock sup- 
plied with selenium in amounts commonly accepted 
as being adequate, further supplementation was not 
shown to improve reproductive capacity. In fact, 
even moderate overdosing was found to have nega- 
tive effects on the number of spermatozoa and their 
motility (44). 


Zinc 


As a constituent of several metalloenzymes, zinc is 
involved in several different enzymatic reactions asso- 
ciated with carbohydrate metabolism, protein synthe- 
sis, and nucleic acid metabolism, rendering this trace 
element essential for proper cell growth (45). 

The zinc concentrations in the normal human 
prostate gland and seminal plasma are high compared 
with those in other body tissues and fluids (46). Zinc in 
semen is secreted almost entirely by the prostate both 
in its free form and as zinc citrate, and may later bind 
to high molecular-weight proteins derived from the 
seminal vesicles (47—49). 

Zinc plays an important role in reproduction, and 
deficiencies may have negative consequences on sper- 
matogenesis. In the human male, zinc deficiency may 
cause hypogonadism (50). Both Leydig cell synthesis 
of testosterone and conversion of testosterone 
into dihydrotestosterone seem to be influenced by 
dietary zinc intake (51,52). There is evidence that 
zinc influences metabolic and functional processes 
in the seminal plasma, including oxygen consump- 
tion of the spermatozoa, sperm motility, and acrosin 
activity (53-56). 

During normal ejaculation, the majority of sperm 
cells are expelled in the first fractions together with the 
prostatic fluid, which contains a high level of bioavail- 
able zinc. This preserves a high content of chromatin 
zinc and thereby confers a high degree of chromatin 
stability (57,58). A low content of chromatin zinc was 
found to be associated with a low degree of chromatin 
stability in men with unexplained infertility (58). 

Reports indicate that zinc can protect various 
tissues against the toxic and carcinogenic effects of 
cadmium. There is evidence that zinc protects against 


testicular injury induced by cadmium, at least in 
the rat (59). 

There has been concern that smoking may have 
adverse effects on male reproduction. The effects of 
smoking on sperm quality and on male fertility are still 
controversial, despite a number of recent studies; how- 
ever, the zinc contents of seminal plasma appear to 
differ between smoking and nonsmoking men. 
The total quantity of zinc in the ejaculates of smokers is 
significantly lower than that found in nonsmokers 
(60,61). The reduction in zinc secretion into the semen 
of smoking men is especially interesting when consid- 
ering the noted zinc deficiency found in the fetuses of 
smoking mothers (62). The latter observation is thought 
to be due to zinc entrapment by the placenta. Similarly, 
the lower prostatic secretion of zinc has been attributed 
to entrapment by the prostatic epithelium subsequent 
to a cadmium-zinc interaction. This hypothesis was 
suggested to explain the marked reduction in seminal 
zinc noted in the presence of a slight increase in semi- 
nal cadmium. As described above, the reduction in 
seminal zinc concentration may reduce sperm chroma- 
tin stability. Reduction in the protective effect of zinc 
on the sperm chromatin could increase the vulnerabil- 
ity of the sperm DNA to external influences, including 
heavy metals, and precipitate premature chromatin 
decondensation prior to fertilization, thus adversely 
influencing embryonic development. 

A significant reduction in the concentration of 
zinc occurs in the testes with increasing age (63). 
This could lead to increased vulnerability of the testis 
with aging. 

It is currently unknown whether supplementa- 
tion with zinc can increase human semen quality. In a 
recent study, treatment with zinc sulfate alone did not 
significantly alter semen parameters, while treatment 
with a combination of both zinc sulfate and folic acid 
significantly increased both sperm concentration and 
total normal sperm count, although a significant 
increase in the percent of abnormal spermatozoa was 
also observed (64). Whether this improvement will 
lead to an increased pregnancy rate remains to be 
elucidated; therefore, a larger, placebo-controlled 
study is recommended. 


Vitamins 


Vitamins are organic substances essential to normal 
health. Each of these vitamins is soluble either in water 
or in fat. As such, fat-soluble vitamins (A, D, E, and K) 
are capable of being stored in the body; hence an exces- 
sive intake of these vitamins may accumulate to harm- 
ful levels. Because water-soluble vitamins (B and C) 
usually do not accumulate, they are stored only in 
small quantities. Thus, deficiencies of water-soluble 
vitamins occur faster than deficiencies of fat-soluble 
vitamins. 


Vitamin A 


Vitamin A deficiency is very rare in industrial coun- 
tries, but it is common in many developing nations. 


Vitamin A is mainly stored in the liver, and, as a 
result, its excessive intake may cause liver damage and 
other toxicity problems (6). Conversely, in vitamin 
A-deficient male rats, spermatogenesis becomes 
arrested, and degeneration and loss of germ cells take 
place. The seminiferous tubules of vitamin A-deficient 
rats were found only to contain Sertoli cells, type 
A spermatogonia, and some spermatocytes. When 
vitamin A-deficient rats were treated with retinoic 
acid, the full development of spermatogenic cells into 
elongated spermatids was observed (65). 


Vitamin E 


The most active form of vitamin E is alpha-tocopherol. 
Vitamin E seems to play an important function as a 
specific lipid-soluble antioxidant in the cell mem- 
brane. The role of vitamin E in testis development is 
not fully clear (66). In a study of nine men with oligo- 
asthenoteratozoospermia, a condition characterized 
by low sperm concentration, decreased motility, and 
abnormal morphology, the combination of selenium 
and vitamin E supplementation for a period of six 
months increased sperm motility and the percent live 
and percent normal spermatozoa. Notably, this was 
not a placebo-controlled study and the number of sub- 
jects was small (34). 


Vitamin C 


Vitamin C (ascorbic acid) is involved in the synthesis 
of collagen, protects against oxidation of vitamins A 
and E and fatty acids, plays a role in the metabolism of 
amino acids, steroids, catecholamines, and folic acid, 
and stimulates the absorption of inorganic iron (6). 
Ascorbic acid is found in high concentrations in seminal 
fluid compared to the concentration in blood plasma, 
presumably reflecting a physiological role (67). A study 
comparing dietary and seminal ascorbic acid with the 
endogenous levels of oxidative damage using oxo®dG, 
an oxidative DNA damage product, indicated that 
dietary ascorbic acid protects human sperm from 
endogenous oxidative damage to DNA (68). When 
dietary ascorbic acid was decreased from 250 to 5 mg/ 
day, the seminal fluid ascorbic acid decreased by half 
and the level of oxo®dG in sperm increased by 91%. 
Short-term ascorbic acid depletion in eight healthy 
men did not adversely affect sperm qualities related to 
fertility. Similarly, moderate supplementation (up to 
250 mg/day) did not improve sperm quality (69). 
This is in contrast to another interventional study 
reporting that ascorbic acid supplementation in excess 
of 200 mg/day in heavy smokers resulted in improved 
sperm quality (70). 


Vitamin D 


Vitamin D is essential in the homeostasis of calcium 
and phosphate. The importance of vitamin D and its 
role in the reproductive cycle has received little atten- 
tion. Vitamin D and its metabolites were found to be 
necessary for normal reproductive functions in the 
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male rat (71). In this study, male rats were fed vitamin 
D-deficient and vitamin D-replete diets until maturity, 
and then mated to age-matched, vitamin D-replete 
females. Successful matings by vitamin D-deficient 
rats were fewer compared to the vitamin D-replete 
rats. Fertility was also reduced after inseminations by 
vitamin D-deficient rats compared to inseminations 
by vitamin D-replete rats. 


Folic Acid (Folate) 


Another important micronutrient is folic acid (folate). 
Folate is involved in the synthesis of DNA through 
interaction with vitamin B42. Periconceptional folate 
supplementation in the female is recommended to 
prevent neural tube defects in offspring (72). Few pub- 
lished studies were found to describe the impact of 
folic acid on male reproductive function. In an inter- 
ventional study, folic acid (10 mg) was administered 
for 30 days to 40 normo- or oligozoospermic men. 
Although increased levels of folicacid were determined 
in the semen, it was found that sperm quality, as 
judged by sperm counts, motility, and DNA content 
of spermatozoa, was not affected (73). The interven- 
tional period of 30 days in this study may have been 
too short to be effective, however, because the sper- 
matogenesis process requires approximately 70 days. 
As mentioned above, a significant increase in sperm 
concentration and total normal sperm count was 
observed after supplementation with folic acid and 
zinc sulfate in subfertile men. Treatment with folic 
acid alone, however, did not significantly change 
semen variables except for a slight decrease in percent 
normal sperm (64). Therefore, the actions of folate 
and zinc on sperm quality seem to be dependent on 
one another. 


O CONCLUSION 


The current interest in the potential role of oxidative 
damage in sperm function has highlighted the impor- 
tance of natural food substances involved in protecting 
tissues and cells from free radical damage. In this 
regard, micronutrients may play important roles in 
conferring protection in the reproductive organs. 

Only sparse information is available, however, 
regarding the impact of micronutrients on human 
male fertility, and further studies on these trace 
elements are needed to define the optimal daily 
requirements. Studies published on the benefit of oral 
supplementation may suffer from problems such as a 
lack of placebo-control, a limited number of partici- 
pating subjects, and a short duration of study. Some of 
these studies are indeed presented as pilot observa- 
tions and, thus, further investigation is recommended. 
Hopefully, in the future, double-blind, placebo- 
controlled interventional studies will clarify the 
impact of micronutrients on male reproductive 
function so that recommendations for clinical practice 
will be possible. 
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Part Ill 


Investigation of Male Reproductive Dysfunction 


ES in this era of state-of-the-art imaging and 
surgical technology, an accurate impression of the 
correct diagnosis of male infertility can often be 
obtained from an initial office visit after the completion 
of a thorough history, physical examination, and the 
light microscopic examination of a semen specimen. 
Thus, the most important parts of the evaluation of the 
infertile male are the history and physical examination. 
Therefore, the minimum evaluation for any male 
patient presenting with a reproductive complaint 
should include a complete medical history (past medi- 
cal history, family history, fertility history, sexual 


history, and ejaculate history), a physical examination 
(with special interest given to an assessment of body 
habitus, any evidence of clinical features associated 
with hypothalamic or pituitary defects, and the genital 
exam), and at least two semen analyses. Additional 
procedures and tests (endocrine evaluation, genital 
tract imaging studies, anti-sperm antibody testing, 
sperm function testing, detailed biochemical analysis 
of the semen, and genetic evaluation) may be indicated 
based on the results of the initial evaluation, and usu- 
ally serve to confirm the diagnosis and help direct the 
course of therapy. 


Section I: General Assessment 
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O INTRODUCTION 


Male factor infertility is a general term that describes 
couples in whom the inability to conceive is associated 
with a problem identified in the male partner. This 
problem may be classified into the following etiolo- 
gies: low sperm production (oligospermia), poor sperm 
motility (asthenospermia), or abnormal sperm mor- 
phology (teratospermia) (1). Male factor infertility also 
describes men who may have normal sperm produc- 
tion but also exhibit conditions that prevent sperm 
transport to the vagina during intercourse (e.g., repro- 
ductive tract obstruction or ejaculatory dysfunction). 

Historically, the approach to the infertile couple 
has begun with an evaluation of the female, primarily 
because it is usually the female partner who has initi- 
ated a workup by consultation with her gynecologist. 
It is only within the last 50 years that the importance of 
the male factor contribution to infertility has been rec- 
ognized. The social perception that infertility is associ- 
ated with impotence or decreased masculinity may 
have aided in the propagation of this theory (2). 

An accurate impression of the correct diagnosis 
can often be obtained even during the initial visit 
simply by taking a thorough history, physical exami- 
nation, and the light microscopic examination of a 
semen specimen. Thus, the most important parts of the 
evaluation of the infertile male are the history and 
physical examination. Additional testing usually 
serves to confirm the diagnosis and help direct the 
course of therapy. The identification and treatment of 
reversible conditions may improve the male’s fertility; 
in fact, the majority of couples suffering from infertility 
may receive sufficient treatment to achieve pregnancy 
through sexual intercourse. Further, approximately 
1% of men who present with reproductive issues will, 
in fact, have an underlying serious medical problem 
causing the infertility whose presence was unknown 
prior to the initiation of the fertility workup; thus, fail- 
ing to identify these diseases, such as testicular cancer 
or a pituitary tumor, may jeopardize the man’s health 
or even his life (3,4). On the other hand, detection of 


conditions for which there is currently no available 
treatment will spare couples the distress of attempting 
ineffective therapies. Similarly, the detection of certain 
genetic causes of male infertility may inform couples 
of the potential to transmit chromosomal abnormali- 
ties that may affect the health of any offspring. Thus, 
an appropriate male evaluation may allow the couple 
to understand the basis of their infertility more fully 
and to obtain genetic counseling when appropriate. 


O PATHOPHYSIOLOGIC CONSIDERATION 


“Infertility” is defined as a couple’s inability to 
achieve pregnancy following one year of appropri- 
ately timed and unprotected intercourse. According 
to this criterion, it has been estimated that approxi- 
mately one in six couples attempting to conceive are 
unable to do so. Approximately, 20% to 30% of infer- 
tility cases are caused exclusively by a male factor, 
and another 30% to 40% of cases are the result of both 
male and female factors (5). Statistically, these data 
suggest that in more than 50% of couples presenting 
with infertility, a male factor is contributory. If these 
numbers were extrapolated to the general popula- 
tion, it is possible that 10% of all men in the United 
States—or as many as 2.5 million individuals—could 
potentially benefit from fertility evaluations. This 
process includes a history and physical examination 
and at least two semen analyses and is recommended 
at the time of presentation, even if it has been less 
than one year of unprotected intercourse, particularly 
in the case of advanced female age (greater than 35 
years), the presence of known male infertility risk fac- 
tors (such as an undescended testicle), or if a man 
questions his fertility potential (6). 

Table 1 lists causes of infertility in the human 
male. The most common identifiable physical abnor- 
mality in men with infertility is the presence of a vari- 
cocele, a dilation of the pampiniform venous plexus 
and the internal spermatic vein. Although the etiologic 
role of a varicocele in causing male infertility remains 
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Table 1 Causes of Male Infertility 


Frequency 

Causes (approximate %) 
Primary testicular disorders 10-13 

Klinefelter’s syndrome and variants 

Cryptorchidism 

Orchitis 

Irradiation 

Cytotoxic therapy 

Partial androgen resistance 
Hypothalamic-pituitary disease 1 

Idiopathic, tumors, hyperprolactinemia 
Genital tract obstruction 8-10 


Congenital or acquired obstruction of vas 
deferens or epididymis 
Previous vasectomy 


Sperm autoimmunity 46 
Drugs, toxins, stress, illness ? 
Coital problems 1 
Idiopathic 70-75 


Azoospermia, oligospermia, normospermia 
Poor sperm motility, teratospermia (varic- 
ocele, chronic prostatitis) 


controversial, its presence may raise the temperature 
of the testis, thus adversely influencing testicular func- 
tion. This condition occurs in approximately 15% to 
20% of all males and in 40% of infertile males (7,8). (For 
further information on varicoceles, please refer to 
Chapter 15.) 

Another major cause of infertility in men is 
obstruction of the male reproductive tract (8). This is 
particularly true for men with azoospermia. Men with 
azoospermia can be divided into two broad groups: (i) 
men who have some type of pathology causing physi- 
cal obstruction of the ejaculatory duct; and (ii) men 
who are unable to produce sperm (nonobstructive 
azoospermia). The distinction between these groups 
can be made by performing a testicular biopsy. (For 
additional information on testicular biopsies, please 
refer to Chapters 25 and 33.) Frequent causes of 
obstructive azoospermia include injury to the scrotum 
or testicles, a current or previous infection, including 
childhood mumps and sexually transmitted diseases, 
a physical/structural defect in the vas deferens or 
other structures, such as congenital bilateral absence 
of the vas deferens (CBAVD), paralysis, and a history 
of previous vasectomy. (For further details on these 
topics, please refer to Chapters 16 to 18.) Erectile dys- 
function may be considered, in itself, a type of obstruc- 
tive condition, as a lack of erections can make it 
difficult to ejaculate. 

Conversely, conditions that can affect hormonal 
control of sperm production and cause nonobstructive 
azoospermia include testicular failure, a history of 
cryptorchidism in childhood or later, diabetes, hyper- 
tension, and ongoing or previous cancer radiation 
therapy and chemotherapy (8). Environmental or work 
hazards may also lead to nonobstructive azoospermia. 
(For further information on these topics, please refer to 
Chapter 13 and Chapters 19-22). 


O EVALUATION OF THE MALE PATIENT 
WITH INFERTILITY 


The minimum full evaluation for male infertility for 
every patient should include a complete medical 
history, physical examination by a urologist or other 
specialist in male reproduction, and at least two semen 
analyses. Additional procedures and tests, used to 
elucidate problems discovered by the full evaluation, 
may be suggested based upon the results of initial 
testing. An algorithm that summarizes the approach 
to the diagnosis of the infertile man is depicted in 
Figures 1 and 2. 


Patient History 


A thorough history and methodical physical examina- 
tion will guide the course of choosing any supplemen- 
tal investigations, with the primary goal of elucidating 
treatable causes of infertility, the presence of any sig- 
nificant diseases that may be associated with male 
subfertility, or any conditions that may be transmitted 
to future offspring. 


Fertility History 


In some practices, prior to arrival at the office, prospec- 
tive patients are invited to fill out a detailed fertility 
questionnaire with their partners (9). The history 
begins with an assessment of the couple’s prior and 
current fertility status. The age of the partners and the 
duration of unprotected intercourse are established. 
The pursuit of a fertility evaluation becomes more 
appropriate sooner rather than later when the female 
partner is over the age of 35, if there has been a history 
of infertility in a prior relationship, or risk factors exist 
that have led the couple to suspect that a fertility 
problem exists (e.g., a past history of cryptorchidism, 
testicular neoplasm, or chemotherapy). 

For idiopathic infertility, the chance of ultimate 
success is inversely related to the duration of infertil- 
ity. Female age is an important factor, as in vitro fertil- 
ization results steadily and inexorably decline after age 
34 (9). It should be established as to whether the infer- 
tility is primary (no conception has ever occurred) or 
secondary (children have been born in the past but 
couple cannot conceive now) for each partner, and, if 
secondary, the nature and outcome of prior pregnan- 
cies with the same or any previous partner. Any previ- 
ous infertility evaluation or treatment for either partner 
should be noted as well. 


Sexual History 


In approximately 5% of couples presenting for infer- 
tility evaluation, sexual dysfunction is the root cause 
(9). Questions to be addressed include: Is the semen 
ejaculated into the vagina? Does the couple use lubri- 
cants, jellies, oils, or saliva, most of which are known 
to be somewhat spermicidal? If lubrication is neces- 
sary, Astroglide, Replens, or mineral oil should be 
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History, Physical Examination, 
Semen Analysis x 2 
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Algorithmic approach to the diagnosis of the infertile man. Abbreviations: N, normal; LH, luteinizing hormone; FSH, follicle-stimulating 


hormone; T, testosterone. Source: From Ref. 10. (Continued on next page.) 


recommended. Because of the limitations imposed by 
an approximately 48-hour window of viability for 
sperm within the female reproductive tract, the timing 
of intercourse is important. Patients should be made 
aware that too frequent intercourse or compulsive 
masturbation depletes sperm reserves, decreasing the 
concentration of viable sperm in the ejaculate and 
thus lowering the chances of achieving fertilization. 
The sexual history should also include an assessment 
of libido, which may reflect the state of androgen pro- 
duction and/or action. 


Ejaculate History 


The male partner should be questioned regarding the 
nature and volume of a typical ejaculate. A markedly 
diminished semen volume may be associated with 


hypogonadism. Also, decreased ejaculatory volume 
and a preponderance of clear, water-like fluid suggest 
an absence of the seminal vesicle component, and this 
may be associated with either ejaculatory duct obstruc- 
tion or CBAVD. Normal orgasm with low or absent 
semen volume should lead one to suspect retrograde 
ejaculation, warranting the examination of a postejacu- 
latory urine specimen for the presence of sperm. Semen 
that fails to liquefy suggests prostatic dysfunction. 
Proteolytic enzymes present in prostatic secretions 
cause liquefaction of the protein coagulum derived 
from the seminal vesicles. 


Medical History 


Cryptorchidism means a “hidden testis.” This condition 
is present in about 0.8% of newborn or one-year-old 
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Figure 2 (Continued) Algorithmic approach to the diagnosis of the 
infertile man. Source: From Ref. 10. 


males and is an important risk factor for infertility. Fifty 
percent of men with a history of unilateral cryptorchi- 
dism and 90% of men with a history of bilateral crypt- 
orchidism are subfertile (9). Hernia repair in infancy or 
childhood is associated with a 3% to 17% risk of injury 
to the inguinal or retroperitoneal vas deferens. 
Postpubescent mumps is associated with a 30% risk of 
unilateral orchitis and a 10% risk of bilateral orchitis, 
which may result in severe ipsilateral abnormalities in 
spermatogenesis. The approximate age of onset of 
puberty is ascertained. Men will usually remember 
pubertal landmarks only if they were very early or very 
late. Precocious puberty suggests an adrenal abnormal- 
ity such as congenital adrenal hyperplasia. Very delayed 
or incomplete sexual maturation suggests hypogonad- 
otropic hypogonadism (Kallmann’s syndrome, when 
associated with anosmia) or pantesticular failure such 
as Klinefelter’s syndrome. (For further information on 
this topic, please refer to Chapter 12.) 

Any and all conditions or illnesses for which the 
patient has been or is currently being treated, including 
all medications currently or previously taken, should 
be documented. Many prescription drugs interfere 
with spermatogenesis, including cimetidine, sulfasala- 
zine, nitrofurantoin, and anabolic steroids. Drugs of 
abuse such as alcohol, marijuana, and cocaine are 
directly gonadotoxic. A detailed occupational history is 
directed toward identifying exposure to any additional 
gonadotoxic agents such as heat, ionizing radiation, 


heavy metals, and pesticides. (Please refer to Chapter 
21 for further information.) A family history directed at 
uncovering fertility problems in parents and siblings 
may be important. Intrauterine exposure to diethylstil- 
bestrol is also associated with male genitourinary tract 
anomalies and dysfunction. 


Physical Examination 
General Examination 


The patient should disrobe completely and stand with 
his arms outstretched. The general body habitus and 
hair distribution should be observed carefully. Men 
who are incompletely masculinized will have dispro- 
portionately long extremities due to absent or deficient 
androgen stimulation required for epiphyseal closure 
at the time of puberty. These features are seen in men 
with hypogonadotropic hypogonadism (Kallmann’s 
syndrome when associated with absent sense of smell 
or other midline defects) or Klinefelter’s syndrome. 
The patient should be assessed for the presence or 
absence of clinical features associated with hypotha- 
lamic or pituitary defects (e.g., eye fundus abnormali- 
ties, loss of vision or the ability to smell, the presence of 
midline defects, and other signs of disease associated 
with pituitary tumors). The thyroid is palpated and the 
heart and lungs auscultated. Chronic bronchitis associ- 
ated with congenital epididymal dysplasia is seen in 
Young’s syndrome. Situs inversus with associated 
immotile sperm is seen in immotile cilia (Kartagener’s) 
syndrome. The breasts are observed and palpated for 
gynecomastia, which can be associated with estrogen- 
secreting testicular neoplasms, adrenal tumors, and 
liver disease. Nipple discharge or tenderness may be 
seen with prolactin-secreting pituitary adenomas. The 
abdomen is palpated and percussed. An enlarged liver 
suggests hepatic dysfunction, which may be associated 
with infertility due to altered sex steroid metabolism. 


Genital Examination 


Physical examination is performed in a warm room by 
an examiner with warm, gloved hands. Contraction of 
the dartos muscle is induced by a cold room or cold 
examining hands, and this makes examination of the 
scrotum and its contents difficult (9). It should be noted 
that a proper fertility examination will extend beyond 
a casual observation of the scrotum and palpation of 
its contents. 

The penis and urethral meatus are examined for 
congenital or acquired abnormalities, including infec- 
tions. Severe hypospadias may result in inadequate 
delivery of semen into the vagina. The urethra is milked 
for discharge, and the presence or absence of genital 
ulcers or condylomata is noted. The location of the 
meatus is noted. 

Scrotal examination is first performed with the 
patient supine. This allows a varicocele, if present, to 
collapse; testis size and consistency can then be prop- 
erly assessed by an orchidometer. Normal testicular 
volume ranges from 15 to 30 cm’. The testes should be 


firm in consistency. A change in testicular consistency 
is indicative of testicular pathology. Small soft testes 
indicate poor spermatogenesis. Small hard testes sug- 
gest postorchitis or posttorsion atrophy or Klinefelter’s 
syndrome. Focal irregularities in consistency raise the 
suspicion of malignancy. Smooth firm nodules pal- 
pated on the surface of the testes usually represent 
tunica albuginea cysts. Mobile small hard bodies, or 
corpora amylacea, floating within the tunica vaginalis 
may be determined by palpation. Transillumination of 
the scrotum in a darkened room differentiates solid 
from cystic masses. In general, testes that are normal in 
size and consistency usually will have normal sperm 
production, whereas small-volume, soft testes are asso- 
ciated with impaired spermatogenesis. The normal epi- 
didymis, posterolateral to the testes, is soft and barely 
palpable. Induration, modularity, or irregularities are 
suggestive of epididymal pathology. A full, firm, easily 
outlined epididymis that is nontender suggests epidid- 
ymal obstruction. Epididymal cysts are firm, smooth, 
transilluminate, and almost always located in the caput. 
The vas deferens should be palpated bilaterally. The 
vas is approximately the diameter and consistency of a 
Venetian blind cord and is usually posteromedial and 
separate from the internal spermatic cord structures. 
Bilateral CBAVD is observed in approximately 1.3% of 
patients presenting for infertility evaluation (9). With a 
relaxed scrotum, the diagnosis of CBAVD can almost 
always be made by palpation. These men will have 
azoospermia associated with low seminal volumes and 
nonclotting, clear ejaculate. 

With the patient standing, large varicoceles are 
readily seen through the relaxed scrotal skin ina warm 
room. Small varicoceles may be appreciated as a dis- 
tinct impulse and palpable dilation of the internal 
spermatic veins during execution of the Valsalva 
maneuver. The best method to elicit a strong and sus- 
tained Valsalva is to tell the patient to bear down as if 
having a bowel movement. If a varicocele is detected, 
the patient should then be placed supine. A varicocele 
should completely collapse when the patient is supine. 
A large varicocele, which does not collapse in the 
supine position, leads to suspicion of a retroperitoneal 
mass, and an abdominal sonogram is indicated. 

Digital rectal examination should always be 
performed. The size and consistency of the prostate is 
noted. Masses, cysts, irregularities, tenderness, and 
whether or not the seminal vesicles are palpable are 
noted. Stool should be tested for occult blood. 


O LABORATORY EVALUATIONS 
Semen Analysis 


Male infertility is evaluated primarily with the semen 
analysis. This is a common, convenient measure of 
assessing the male and should precede any invasive 
tests of the female. Characteristics examined include 
the volume of the semen sample, the contents of the 
seminal fluid, the number of sperm, and if they are 
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adequately mobile (motility) and normally shaped 
(morphology), as measured by standardized tech- 
niques (Table 2). Ejaculate volumes between 2 and 6 
mL and sperm concentrations of greater than 15 to 20 
million per mL with more than 50% motile sperm and 
more than 50% oval forms are considered normal (10). 

Semen specimens are obtained by masturbation 
into a sterile wide-mouth container after two to five 
days of abstinence and analyzed within two hours of 
collection. Because of the inherent marked variability 
in semen parameters from day to day within each indi- 
vidual, at least two, and preferably three, semen analy- 
ses should be performed with at least two-week 
intervals between collections. In the setting of a recent 
febrile illness or exposure to gonadotoxic agents, a 
semen analysis should be repeated no sooner than 
three months later. 


General Characteristics: Volume and 
Concentration 


Semen is initially an opalescent coagulum that liquefies 
within 20 to 25 minutes of ejaculation. Sixty-five per- 
cent of the volume is from the seminal vesicles, 30% to 
35% from the prostate, and 3% to 5% from the vasa. The 
coagulation protein derives from the seminal vesicle; 
seminal fructose also derives from the seminal vesicles. 
Liquefaction is then secondary to the action of prostatic 
proteases. Failure of liquefaction is due to abnormali- 
ties of the prostate or its ducts. Thus, azoospermia cou- 
pled with low ejaculate volume of nonclotting, watery 
fluids that are fructose-negative (see below “Seminal 
Fructose”) usually implies an obstruction of the ejacu- 
latory duct. If the vasa are palpable, a transrectal ultra- 
sound can diagnose this condition (see below). Patients 
who are not azoospermic, but oligo- or asthenospermic, 
with a low semen volume (less than 1 mL, except in 
patients with bilateral vasal agenesis or clinical signs of 
hypogonadism), may have partial ejaculatory duct 
obstruction or retrograde ejaculation. Retrograde ejacu- 
lation is seen most commonly in diabetics with auto- 
nomic neuropathy, as well as in men who have had 
transurethral surgery at or near the bladder neck. A 
postejaculatory urine specimen should then be obtained 
by having the patient first empty his bladder prior to 
ejaculation, and then void following ejaculation into a 
separate container. 

Because pregnancy can be achieved with a single 
sperm, specimens originally read as azoospermic 
should be centrifuged and the pellet examined for the 
presence of sperm. Specimens with head-to-head or 
tail-to-tail agglutination are evaluated for antisperm 
antibodies or infection. Infection may be inferred from 
the presence of leukospermia (>1 x 10° WBC/mL). Men 
with agglutination or leukospermia should have their 
semen cultured for aerobic and anaerobic organisms, 
as well as for Chlamydia and Mycoplasma. The penis 
and scrotum should be washed with an antibacterial 
scrub prior to culture to avoid inadvertent contamina- 
tion with skin or fecal flora. 
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Table 2 Semen Analysis Reference Values 


Semen characteristics Units WHO (1992) 
Volume mL =2.0 
pH pH units (7.2-8.0) 
Sperm concentration x108/mL =20 
Total sperm count x106/ejaculate =40 
Motility (within 60 min of % motile =50 
ejaculation) 

Progression at 37°C Scale 0-4 3—4 
Morphology % normal sperm =30 
Vitality % live sperm =75 
White blood cells x10&/mL <1.0 
Immunological tests 
Immunobead test Fewer than 20% 

spermatozoa with 

adherent particles 
MAR test Fewer than 10% 

spermatozoa with 

adherent particles 
Seminal plasma 

biochemical analysis 

a-Glucosidase mU =20 
Carnitine mmol 0.8-2.9 
Zinc (total) mmol =2.4 
Citric acid mmol =52 
Acid phosphatase (total) U =200 
Fructose (total) mmol 213 


Abbreviations: MAR, mixed agglutination reaction test; WHO, World 
Health Organization. 
Source: From Ref. 1. 


Motility 


The flagellar activity of the sperm cell is needed for 
normal transport through the female reproductive 
tract and for penetration of the ovum (11). Assessment 
of sperm motility can therefore provide important 
information on sperm function (see below). Sperm 
motility is usually rated in two ways: the percentage 
of motile cells is determined and the quality of sperm 
movement (e.g., how fast and how straight the sperm 


Table 3 Kruger Criteria 


swim) is assessed. Sperm movement has been tradi- 
tionally rated on a scale of 0 to 4+ (12). Normal values 
for sperm motility in the semen are at least 50% to 
60% motile cells, and normal quality is considered 
greater than 2+. The subjectivity of this assessment, 
however, has limited its usefulness: for example, 
semen specimens with higher sperm concentrations 
may appear to have greater activity. Yet, manual light 
microscopic evaluation of sperm concentration, motil- 
ity, and morphology remains the gold standard for 
semen analysis; however, more elaborate or auto- 
mated methods such as time-exposure photomicrog- 
raphy or computer-assisted semen analysis (CASA) 
are becoming available in many practices and may 
provide information that could change the course of 
therapy (10). Some problems may be encountered 
with mechanization, however. For example, azo- 
ospermic specimens may be misread by the computer 
as being oligospermic, and the interpretation of com- 
puterized morphology may be difficult. CASA does, 
however, provide interesting information on sperm 
velocity and angularity that has proven to be useful 
in the research setting. 


Morphology 


Sperm morphology is usually expressed as a percent- 
age of “normal cells,” although the percentages of spe- 
cific abnormal types (oval, tapered, amorphous) have 
also been reported (12). Proper interpretation of mor- 
phologic parameters requires an understanding of the 
scoring system and criteria employed by the testing 
laboratory, the most common being the Kruger criteria 
(Table 3) (13) and those established by the World 
Health Organization (WHO, Table 4) (1). The use of 
Kruger criteria offers a more detailed analysis of sperm 
morphology, evaluating the shape and size of the head, 
midpiece, and tail much more stringently than WHO 
standards. Kruger morphology can assist the clinician 
in determining the most appropriate reproductive 


Strict criteria of sperm morphology established by Kruger et al. define normal spermatozoa as having an oval configuration with a smooth 
contour. The head length is 5-6 um, the diameter (width) is 2.5-3.5 um, and the width/length ratio is 1/2-3/5. The acrosome is well 
defined, comprising 40-70% of the distal part of the head. No abnormalities of the neck, midpiece, or tail and no cytoplasmic droplets of 
more than half of the sperm head are accepted. Borderline forms are considered abnormal. 


The amorphous-head group is divided into two categories: 


Slightly amorphous, with a head diameter of 2.0-2.5 um, with slight abnormalities in the head’s shape but with normal acrosome 
Severely amorphous, with no acrosome at all and those with an acrosome smaller than 30% or larger than 70% of the sperm head; 


completely abnormal shapes also are put into this category. 
Neck defects are also classified in two categories: 


Slightly amorphous, referred to those sperm with debris around the neck or a thickened neck but with a normal-shaped head. 
Severely amorphous, referred to those sperm with a bent neck or midpiece of more than 30%, or a severely amorphous 


head shape, as described. 


All other abnormal sperm forms—round, small, large, tapered, double head, double or coiled tail, cytoplasmic droplets—are classified 


following the WHO classification (Table 4). 


Normal and borderline forms grouped together are called “the morphology index.” Patients with a morphology index less than 30% will have 
a severe reduction in fertilization as compared with patients having an index greater than 30%. In Kruger’s practice, the normal forms 
considered alone are called the PIF. A PIF greater as 4% is considered favorable and less than 4% unfavorable. At least 200 cells per 
slide are to be evaluated. A micrometer in the eyepiece of the microscope is used for routine measurements. 


Abbreviation: PIF, percentage of ideal forms. 
Source: From Ref. 13. 
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Table 4 WHO Morphology Criteria for Assessing Normal Sperm Morphology 


Head 


As an empirical reference value, 30% normal forms and above are considered normal. The head should be oval and smooth. Round, 
pyriform, pin, double, and amorphous heads are all abnormal. A normal spermatozoon has an oval head shape with regular outline 
and a well-defined acrosomal region covering 40-70% of head; vacuoles occupy less than 20% of the head area. Dimensions of the 
head: length: 4-5.5 um, width: 2.5-3.5 um, length/width ratio: 1.5—1.75 um; no cytoplasmic droplets more than 1/3 of the size 


of a normal sperm head. 


Midpiece 


The midpiece should be straight and slightly thicker than the tail. No dimensions and no description of a normal midpiece are mentioned. 


Neck or midpiece defects include its being bent or abnormally thin. 
Tail 


The tail should be single, unbroken, straight, and without kinks or coils. No dimensions of a normal tail are mentioned. Tail defects include 
short, multiple hairpin, broken, irregular width or coiled tails, tails with terminal droplets, or any combination of these. 


aA minimum of 100 sperm must be counted. 
Source: From Ref. 1. 


technique for the patient. Broadly viewed, profound 
abnormalities in morphology are associated with poor 
fertilizing capacity when strict criteria (Kruger) are 
used (9). Men with fewer than 40% perfectly shaped 
sperm usually fail to fertilize without micromanipula- 
tion. Large numbers of tapered sperms are seen in 
testes with elevated temperatures, such as varicocele, 
cryptorchid, or retractile testes, or in the testes of men 
who take saunas or hot baths. 

While reference values are important in stan- 
dardization, the current trend in using sperm mor- 
phology alone in predicting male fertility remains 
problematic, as overreliance on this characteristic can 
lead to misdiagnosis and unnecessary invasive treat- 
ment with intracytoplasmic sperm injection (ICSI) 
(14). Light microscopic examination of sperm mor- 
phology does not permit the visualization of many of 
the subcellular components vital for adequate sperm 
function (10). Consequently, morphologic assessment 
is subjective, qualitative, nonrepeatable, and difficult 
to teach to students and technicians. Nallella et al. (15) 
compared overlapping sperm characteristics among 
four groups of patients: men undergoing infertility 
evaluations, patients with established male factor 
infertility, healthy sperm donors, and men with 
proven fertility. It was shown that the parameters of 
sperm motility and concentration were the best dis- 
criminators of fertility versus infertility when com- 
pared to morphology. 


Additional Considerations 


It should be noted that even normal results on semen 
analysis cannot conclusively eliminate the presence of 
male factor infertility. Infections or sperm antibodies 
can diminish fertilizing capacity. Subtle biochemical 
abnormalities can result in defects in the sperm head 
that can be detected with sperm function tests such as 
the hamster oocyte penetration assay (see below). A 
thorough evaluation of the male partner is necessary in 
all cases of infertility. Reevaluation is important in men 
with a normal semen analysis when no cause of 
decreased fertility is apparent or when therapy in the 
woman fails to result in pregnancy. 


Endocrine Evaluation 


An initial endocrine evaluation should include check- 
ing at least serum testosterone (T) and follicle-stimu- 
lating hormone (FSH), but frequently luteinizing 
hormone (LH) is included as well. This should be per- 
formed if there is (i) an abnormally low sperm concen- 
tration, especially if less than 10 million/mL; (ii) 
impaired sexual function; or (iii) other clinical findings 
suggestive of hypogonadism. T is necessary for the 
development and maintenance of secondary sexual 
characteristics and libido, as well as for the initiation 
and maintenance of spermatogenesis (please refer 
to the chapters in Part I: Physiology of Male Repro- 
ductive Function for further details). Serum FSH 
crudely reflects the status of the seminiferous epithe- 
lium. Genital tract obstruction is suspected in men 
with azoospermia and/or severe oligospermia with 
normal serum FSH concentrations and normal-sized 
testes. Elevated serum FSH results from impaired 
secretion of inhibin, a Sertoli cell product that normally 
feeds back at the pituitary and hypothalamus to sup- 
press FSH secretion and suggests abnormalities in the 
seminiferous epithelium, and, subsequently, sper- 
matogenesis. An FSH level greater than two to three 
times the upper limits of normal suggests severely 
impaired seminiferous tubules, but this condition may 
still be treatable. LH is stimulatory to the Leydig cells 
and hence T production. Isolated LH abnormalities are 
very rare. LH levels may be obtained in men with 
abnormal T levels to determine whether hypogonad- 
ism is primary (testicular) or secondary (pituitary/ 
hypothalamic) in origin. 

Low levels of FSH, LH, and T are diagnostic of 
hypogonadotropic hypogonadism. These men have a 
delay or failure in the onset of puberty, and therefore 
poorly developed secondary sexual characteristics and 
small firm testes. T replacement will masculinize these 
men, but testicular growth and the initiation of sper- 
matogenesis require gonadotropin replacement (16). 
Hypogonadotropic hypogonadism is usually due to a 
pituitary tumor, with the most common pituitary 
lesion being a benign prolactinoma. These are usually 
associated with a decreased libido, an elevated serum 
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prolactin level, and decreased serum T and LH levels. 
Both macro- and microadenomas are often best treated 
with dopamine agonists such as bromocriptine or cab- 
ergoline (Dostinex). Serum estrogens, prolactin, and 
adrenal steroids are measured only if clinically indi- 
cated (low serum T, decreased libido, gynecomastia, or 
a history of precocious puberty). (For further informa- 
tion on this topic, please refer to Chapter 12.) 


Genital Tract Imaging Studies 


Transrectal ultrasonography is indicated in azoosper- 
mic patients with palpable vasa and low ejaculate vol- 
umes to determine if ejaculatory duct obstruction 
exists. Scrotal ultrasonography is indicated in those 
patients in whom physical examination of the scrotum 
is difficult or inadequate or in whom a testicular mass 
is suspected. 

In the hands of an experienced sonographer, scro- 
tal ultrasound with color flow Doppler is useful in the 
evaluation of questionable varicoceles, especially in 
obese men or men witha small, tight scrotum. The typi- 
cal monographic criterion for the diagnosis of a varico- 
cele is the presence of any internal spermatic veins 
greater than 3 mm in diameter associated with retro- 
grade flow on Valsalva. Subclinical or questionable 
varicoceles are of limited clinical interest, as there is 
established data that have clearly shown that response 
to varicocelectomy is related to varicocele size (9). Men 
with large varicoceles sustain a greater improvement in 
semen quality following varicocele surgery than men 
with small or subclinical varicoceles. 


Antisperm Antibody Testing 


Antisperm antibodies can be produced either by the 
body of the male himself or by his female partner. 
Antisperm antibodies that are produced by the male 
and bound to sperm are associated with lower preg- 
nancy rates. Risk factors for antibodies include torsion, 
epididymitis, orchitis, unilateral or partial obstruction, 
and large varicoceles. These are all conditions associ- 
ated with impairment of the blood-testis barrier that 
usually prevents sperm antigens (which appear at 
puberty) from being exposed to the general circulation. 
An immunobead assay (Table 2) should be performed 
to detect antibodies on the sperm and in the serum. 
Antibodies adsorbed on the sperm surface can be 
detected by immunological assays using secondary, 
immunoglobulin (Ig) class-directed antibodies that are 
coupled to beads. The percentage of sperm adhering to 
the beads reflects in a semiquantitative manner the 
presence of antisperm antibodies. Mixed agglutination 
reaction (MAR)-test kits can detect antisperm-IgG in 
semen. Positive and dubious samples are subsequently 
tested for antisperm IgA (17). Some investigators have 
suggested that fertilization inhibition may be caused 
by a synergistic effect of IgG and IgA class antibodies 
in seminal plasma (18), as IgA antibodies rarely occur 
without associated IgG (19). Therefore, the test of 


antisperm IgG antibodies in semen is sufficient for the 
first screening procedure. Antisperm IgG can be tested 
in serum, but this is of little benefit, as serum antisperm 
IgG does not correlate with antisperm Ig in semen and 
does not influence fertility prognosis. 

High levels of antibodies are most often seen with 
obstruction, in particular before (in serum) and after 
(in serum and on sperm) vasectomy reversal. Low 
levels of antibodies on sperm and moderate levels in 
serum are usually seen in men with large varicoceles. 
A postcoital test is useful for evaluating sperm-—cervical 
mucus interaction. A fair-to-good semen analysis 
associated with a poor postcoital test may suggest 
production of antisperm antibodies by the female 
partner and is usually considered an indication for 
intrauterine insemination (IUI). Although IUI can 
overcome cervical mucus antibodies or decreased 
counts, the success of IUI is dependent on the sperm’s 
ability to fertilize an egg. Therefore prior to instituting 
IUI, a sperm penetration assay can be obtained that 
assesses the sperm’s ability to bind and penetrate ham- 
ster oocytes, which have been rendered free of zona 
pellucida (20). Tests are interpreted as percent oocytes 
penetrated or sperm penetrations per oocyte. These 
tests are not perfect but do correlate about 80% with 
the ability to penetrate human eggs in vitro. 


Other Special Investigations 
Biochemical Analysis 


Biochemical analysis (Table 2) of the secretory com- 
ponents from the prostate, seminal vesicles, and 
epididymis in semen give information about the func- 
tional state of these organs. These markers include 
fructose as a marker for the seminal vesicles, zinc, 
citric acid, or acid phosphatase as prostate markers, 
and a-glucosidase and carnitine as epididymal mark- 
ers. Zinc can be measured by colorimetric assay, while 
fructose and carnitine are measured using enzymatic 
assays. (For further information on this topic, please 
refer to Chapter 24.) Seminal fructose is discussed 
below in further detail. 


Seminal Fructose 


Seminal fructose measurement is helpful in the evalua- 
tion of azoospermia (10). Fructose is normally produced 
by the seminal vesicles and transported into the vas 
deferens by the ejaculatory ducts; 13 mmol or more per 
ejaculate is considered normal (1). Absent seminal fruc- 
tose usually indicates congenital absence of the seminal 
vesicles and vas deferens. Nonpalpable vas indicative 
of vasal agenesis is seen in 0.3% to 1.2% of infertile men 
and in up to 5% of azoospermic men (10). An examina- 
tion of the scrotal contents of such patients may reveal 
the absence of the cauda epididymis and vas deferens. 
In most patients, an obstruction of the seminal excre- 
tory pathway occurs proximal to the excretory ducts of 
the seminal vesicles, with resultant normal semen fruc- 
tose concentrations and normal testicular mass on 


examination. This may be the result of infectious 
damage or may be congenital in nature. Some patients 
may have both obstruction and germinal cell failure 
such as maturation arrest (the absence of mature sper- 
matozoa) or Sertoli-cell-only syndrome, an idiopathic 
condition in which only Sertoli cells line the seminifer- 
ous tubules. These men will present with azoospermia 
and the absence of sperm in the ejaculate. In such cases, 
exploration, vasograms, and testicular biopsy studies 
may be needed to define the nature of the obstructive 
defect. Retrograde ejaculation is suggested by the pres- 
ence of autonomic neuropathy and is most frequently 
seen in patients with diabetes mellitus. The presence of 
large numbers of sperm in the postejaculation urine 
specimen confirms the diagnosis. 


Sperm Function Testing 


As described above, abnormal sperm function may be 
evaluated further with sperm function tests. The evalu- 
ation of sperm interaction with cervical mucus (cervical 
mucus penetration test), the zona pellucida surround- 
ing the oocyte (hemizona binding assay), or the oocyte 
itself (hamster-egg penetration assay) all require test- 
ing involving the female partner and are beyond the 
scope of this chapter (21,22). These specialized tests on 
semen are not required for the routine diagnosis of 
male infertility. They may be useful, however, in a 
small number of patients for identifying a male factor 
contributing to unexplained infertility, or for selecting 
therapy such as assisted reproductive technology. 


Genetic Evaluation 


Karyotyping and Y-chromosome analysis should be 
offered to the male who has nonobstructive azoosper- 
mia or severe oligospermia prior to performing ICSI. 
Genetic testing for the cystic fibrosis transmembrane 
conductance regulator (CFTR) mutations in the female 
partner should be offered before proceeding with treat- 
ments that utilize the sperm of men with congenital 
bilateral absence of the vas deferens (CBAVD). Normal 
serum FSH usually reflects normal spermatogenesis. 
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Testes biopsy and scrotal exploration are not necessary 
prior to therapy. (For further information on testicular 
biopsy, please refer to Chapters 25 and 33.) Because the 
vas deferens derives from the ureteral bud, CBAVD 
is associated with an 11% incidence of renal agenesis 
and abnormalities. A renal sonogram should be 
obtained in all men with CBAVD. Most men with 
CBAVD test positive for CFTR gene mutations, 
although they do not have any pulmonary manifesta- 
tions of this disease. Typically, at this point, both the 
patient and the female partner are tested for cystic 
fibrosis CFTR gene mutations, and the couple must be 
referred for genetic counseling in order to have the 
opportunity to make a responsible and educated deci- 
sion in choosing whether or not to pursue assisted 
reproductive technology (ART) (23). 

Genetic counseling may be offered whenever a 
genetic abnormality is suspected in the male or female 
partner and should be provided whenever a genetic 
abnormality is detected (23). Men with nonobstructive 
azoospermia and severe oligospermia (less than 5-10 
million sperm/mL) should be informed of the poten- 
tial genetic abnormalities associated with azoospermia 
or severe oligospermia. 


O CONCLUSION 


An initial screening evaluation of the male partner of 
an infertile couple should be done if pregnancy has 
not occurred within one year of unprotected inter- 
course. An earlier evaluation may be warranted if a 
known male or female infertility risk factor exists or if 
a man questions his fertility potential. The initial 
evaluation of male factor infertility should include 
comprehensive history taking, including a reproduc- 
tive history, complete physical examination, and two 
properly performed semen analyses. Further, evalua- 
tion of the male partner should also be considered in 
couples with unexplained infertility and in couples in 
whom there is a treated female factor and persistent 
infertility. 
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O INTRODUCTION 


In this chapter, we comment on standard semen 
analysis, computer-assisted semen analysis (CASA), 
sperm function tests (particularly of sperm-—oocyte 
interaction), and some other assays currently used in 
clinical research. We also discuss evaluation of the 
clinical value of proposed new sperm tests. Details of 
methodology are omitted as these can be found in the 
literature. We concentrate on our own contributions. 


O THE SCOPE OF MODERN 
SEMEN ANALYSIS 


The process of semen analysis is critical in the manage- 
ment of patients with infertility. These techniques are 
also used to confirm that sperm have disappeared after 
vasectomy. Further, semen analyses are important 
research tools—for example in studies of factors 
affecting male reproductive health in the community 
(1). Although new methods of testing sperm, including 
CASA, have been developed over the last 30 years, the 
traditional semen analysis consisting of manual micros- 
copy of sperm on slides and in counting chambers 
remains the standard method (2). 


O STANDARD SEMEN ANALYSIS 
World Health Organization Laboratory 
Manual 


The World Health Organization (WHO) has made a 
significant contribution to improving techniques in 
semen analysis by producing successive revisions of 
the “WHO laboratory manual for the examination 
of human semen and sperm-cervical mucus inter- 
action” (2). Although there are arguments about the 
tests included—for example, grades of motility, strict 


assessment of morphology, and the need for duplicate 
assessments—the manual provides a useful reference 
that has gained wide acceptance as the standard for 
how semen analysis should be performed. It also has a 
substantial section in the fourth and later editions on 
quality control (QC) and the statistical aspects of 
counting and other errors involved in semen analysis. 

Standard semen analysis requires macroscopic 
examination and measurement of the volume of the 
semen and microscopic measurement of sperm con- 
centration and motility. The percentage of morphologi- 
cally normal sperm is determined on a fixed and 
stained semen smear using oil immersion at a magnifi- 
cation of 1000x. All measurements involve counting at 
least 200 sperm in duplicate preparations. Each man is 
tested for sperm antibodies because none of the other 
aspects of the semen analysis is highly indicative of 
sperm autoimmunity and this condition would be 
missed without specific screening (see Chapters 26 and 
36). We do not perform duplicate preparations as we 
consider that the mechanical mixing of semen samples 
and use of accurate automatic pipettes make sampling 
and dilution errors trivial when compared with 
counting error. We also use a simplified hematoxylin 
and eosin stain to expedite morphology assessment so 
that results can be available within the day of sample 
collection. Other tests are performed if indicated, such 
as sperm viability (determined by dye exclusion) for 
low sperm motility (<25% progressive) and seminal 
pH for azoospermia and low semen volume. 


Errors of Semen Analysis: Measurement 
Uncertainty and QC 


Semen analysis is subject to error. If the same semen 
sample is assessed in different laboratories, by different 
technicians within the same laboratory, or even by the 
same technician at different times, it is expected that 
the results will differ. There are a number of sources of 
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error that result in measurement uncertainty (MU). 
The rigorous determination of MU is a complex process 
that requires careful calculation of the combined effect 
of all errors from each step in the testing process. Some 
laboratories report results that bear virtually no rela- 
tionship to the true result as indicated by the results of 
large external quality assessment (EQA) schemes. For 
example, in the Australian External Quality Assurance 
Schemes for Reproductive Medicine, results for sperm 
concentration in 2006 for 144 laboratories had a wide 
range (3.7-102x10°/mL) for the same sample (3,4). For 
a laboratory that has each EQA result close to the 
All-Laboratory Trimmed Mean, a reasonable estimate 
of MU can be obtained by repeated analyses of pooled, 
well-mixed semen that has been cryopreserved. The 
ideal is to aim for a final sperm concentration around 
the normal range reference value of 20 x 10°/mL after 
dilution with cryoprotectant and preferably a post- 
thaw motility in the mid-range of 30% to 50%. One of 
the frozen aliquots is analyzed daily (or, perhaps, 
weekly, but on different days each week) to take into 
account day-to-day changes in laboratory conditions 
including staff, reagents, ambient temperature, and so 
on. The results from approximately 30 analyses of the 
frozen pool can then be analyzed to estimate the MU 
for sperm concentration, motility, and morphology. 
For example, from the measurements, the mean, stan- 
dard deviation, and coefficient of variation are calcu- 
lated. The coefficient of variation is equivalent to the 
experimental standard deviation of the mean in MU 
terminology and is also known as the standard uncer- 
tainty (Uc). Next, calculate the expanded uncertainty 
(U) by multiplying the Uc by the coverage factor (2.04 
for n=30), which is the t value for the appropriate 
degrees of freedom (n - 1). The laboratory then reports 
the MU at 20 x 10°/mL + U with a confidence level of 
95%. Further information on MU can be obtained at 
the ILAC website (3) or the APLAC website (4). The 
MU for different laboratories will vary depending on 
the procedures and the diligence of the laboratory 
manager and the staff in adhering to the procedure 
manual, care in the performance of the tests, equip- 
ment maintenance, and QC, including internal quality 
control (IQC) and EQA. There is unavoidable variability 
because only limited numbers of sperm can be assessed 
and there is additional variability due to preparation 
and assessment of samples (2). Good laboratory prac- 
tice involves using procedures to minimize the latter 
variability from errors in sampling, dilution, chamber 
calibration and use, sperm counting, and calculation. 
Sampling errors can be a major source of variation 
because semen is not homogeneous on ejaculation and 
undergoes time-dependent coagulation and liquefac- 
tion. Sampling errors can be minimized by thorough 
mixing of specimens with a mechanical shaking stage 
or wheel, by carefully controlled syringing of speci- 
mens that have increased viscosity or aggregation and 
by correct pipetting techniques. Dilution errors can 
be minimized by using larger semen aliquots (e.g., 
25-100 uL) and positive displacement pipettes that are 


tested regularly for accuracy and precision. Using 
a standard technique and fixed volume minimizes 
errors of chamber filling. Regulating the workload of 
the scientists and QC can minimize counting and 
calculation errors. 

QC involves monitoring ongoing performance. 
We have regular QC days when all laboratory staff 
perform “blind” readings on samples. This allows 
monitoring of intralaboratory precision and each sci- 
entist can gauge his performance against the labora- 
tory mean. Weekly means QC charts are used to detect 
“drift” or unacceptable fluctuation in results (5). This 
type of QC is useful in our laboratory, which typically 
has a stable input of samples—mostly from patients 
being investigated for infertility—but may go out of 
control if the patient mix varies. EQA programs pro- 
vide information on the overall agreement between 
laboratories (6-9). It is acknowledged, however, that 
no standards are available for semen analysis, that 
EQA is not performed under the same conditions as 
those used on fresh samples, and there can be signifi- 
cant differences between results of different EQA 
programs (7,10). We generally have our quarterly 
sperm concentration results within one standard 
deviation of the Australian laboratory EQA results. 
Thus, while technicians can be trained to produce 
results close to the theoretical counting error for 
sperm concentration, motility, and morphology, the 
wide variation in results between laboratories dem- 
onstrated by EQA indicates that standardization has 
not been achieved. In particular, sperm morphology 
is assessed very differently by different groups. Some 
prefer a strict assessment in which sperm with 
marginal defects of shape are considered abnormal, 
as this predicts low fertilization rates with standard 
in vitro fertilization (IVF) (2,11). Others find it ludi- 
crous that fertile men could have 95% of their sperm 
classified as abnormal (12). Therefore, the clinician 
needs to be very familiar with his own laboratory in 
order to interpret patients’ results, and researchers 
involved in multicenter studies need to establish 
centralized analyses of the semen or adjust results 
based on interlaboratory EQA. 


O COMPUTER-ASSISTED SEMEN ANALYSIS 


Image analysis and computer automation might have 
been expected to overcome the counting and int- 
erpretation errors associated with manual semen anal- 
ysis; however, this has been difficult to achieve in 
practice. The human eye easily distinguishes sperm 
from similarly sized debris, but this is quite difficult 
with image analysis. This identification problem is 
compounded by the increase in the ratio of debris to 
sperm in poor semen samples. Early CASA equipment 
did not identify sperm accurately and gave inaccurate 
sperm concentrations and percentage motilities. In 
addition, collisions of motile sperm with other sperm 
or debris cause sperm  concentration-dependent 


ambiguities for CASA assessment (2,13). Better image 
analysis and inclusion of sperm DNA staining with 
fluorescent dyes has improved the accuracy of CASA 
sperm counting. Assessment of sperm morphology 
remains a significant problem and full automation and 
standardization of sperm morphometry is not yet 
available commercially. Compared with manual meth- 
ods of semen analysis, we believe that image analysis 
provides a major improvement in efficiency and reli- 
ability as well as new measures of sperm motion and 
morphology that are of prognostic value. Further 
exploration of other parameters of sperm motion and 
morphology will refine the clinical usefulness of CASA; 
however, CASA requires careful technical application 
and critical surveillance to achieve high levels of 
accuracy and reproducibility. 


Kinematics 


Even the earliest CASA systems allowed the trajecto- 
ries of sperm to be analyzed in considerable detail, and 
the potential of newly derived “kinematic” measures 
of sperm motion, such as average straight-line velocity 
(VSL), were explored. Such measures may ultimately 
prove more clinically useful than classification assess- 
ments of percentage motility. We have found VSL is 
significantly related to fertilization rates in vitro and 
naturally conceived pregnancy rates in subfertile 
couples (see subsequently). 


CASA for Routine Semen Analysis 


For several years, our clinical laboratory has used the 
Hamilton-Thorne Motility Analyzer IVOS with Ident 
module and a specific protocol for routine measure- 
ment of sperm concentration, percentage progressive 
motility, and VSL for samples with sperm concentra- 
tions greater than 2x10°/mL. The analyses are done at 
37°C with bisbenzamide fluorescent DNA stain diluted 
1:1 in Tyrode buffer with 5% bovine serum albumin to 
improve differentiation of sperm from debris. It is 
necessary to dilute samples with high sperm concentra- 
tion with seminal plasma obtained by centrifuging the 
patient’s semen at 16,000 G for five minutes in a mini 
centrifuge. Disposable 20 u-deep MicroCell chambers 
are used, and it is essential to sample fields regularly 
across the counting chamber because of nonuniformity 
in the distribution of sperm caused by streaming while 
filling the chamber (14,15). Ideally, a minimum of 400 
sperm is included in the analysis. As indicated above, 
IQC and EQA are good. Reproducibility for the IVOS 
system for repeated measurements on the same sample 
is better than that achieved by the technicians using the 
WHO manual methods: sperm concentration (~80x 
10°/mL) coefficient of variation 5.4%, progressive 
motility (~30%) 7.4%, and VSL (~35 um/sec) 4.0%. 


Morphometry 


Early sperm morphometry was limited to quantifica- 
tion of sperm head dimensions, area, and regularity. 
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Some systems produce the conventional dichotomous 
classification of “normal” sperm based on some 
protocol such as strict morphology. Such classifica- 
tions usually reflect the morphology of typical sperm 
in the semen of fertile men rather than characteristics 
of sperm capable of fertilization. It is recommended 
that selection of CASA variables should be based on a 
relevant functional end point (16). It is not possible to 
ascertain the fertilizing potential of the individual 
spermatozoon for direct comparison with its mor- 
phometry; however, it is possible to identify morpho- 
metric selectivity with some physiological end points 
such as sperm penetration of cervical mucus or sperm 
binding to the zona pellucida (ZP) of human oocytes 
(17). Image analysis enables identification of this selecti- 
vity for specific morphometric parameters. We have 
performed extensive studies comparing the sperm 
head morphometry of sperm in semen after swim-up 
and after binding to the ZP and found that a subset of 
12 morphometry parameters exhibited significant 
selectivity. Selected sperm characteristics can be sum- 
marized as longitudinally symmetric heads, no neck 
anomalies, and a large acrosomal region. Interestingly, 
several parameters important to conventional classifi- 
cation of “normal” sperm, such as absolute head 
dimensions, elongation, and deviation from elliptical 
shape of the posterior region of the head, did not show 
significant selection (17). We defined a ZP-preferred 
morphometry (%Z) as the percentage of sperm in a 
sample conforming to within 1.5 SD of the optimal 
values of the 12 parameters. In a large follow-up study 
of natural pregnancies in subfertile couples, we found 
the most important factor was %Z (18). VSL and female 
age were also independently but less significantly 
related to pregnancy rate (see subsequently). 


O SPERM FUNCTION TESTS 


During fertilization in vivo, sperm penetrate cervical 
mucus, traverse the female genital tract, penetrate the 
cumulus—corona complex of the oocyte, and then bind 
to the ZP, undergo the acrosome reaction (AR), pene- 
trate the ZP, and finally fuse with the oolemma before 
entering the ooplasm. Tests of sperm functions 
involved in these events should provide useful infor- 
mation about fertility. Such tests should also give 
insights into sperm physiology and pathology. Several 
sperm function tests have been developed, covering 
the processes of capacitation (e.g., hyperactivated 
motility), sperm-mucus penetration, and sperm- 
oocyte interaction. 


Sperm-Oocyte Interaction 


Overstreet et al. first studied sperm—ZP binding and 
penetration using nonviable human oocytes (19,20). 
They also showed that human ZP could be stored in 
concentrated salt solution for use in sperm—ZP binding 
tests. In 1988, we developed the sperm—ZP binding 


274 Baker et al. 


ratio test using oocytes that had failed to fertilize during 
clinical IVF, and Burkman et al. developed a similar 
test, the hemizona assay (21,22). Extensions and modi- 
fications of the basic test have been developed for 
assessing other aspects of sperm-—oocyte interaction, 
including sperm-ZP penetration, ZP-induced AR 
(ZPIAR), and sperm—oolemma binding (11,23). 


Sources of Human Oocytes 


Human oocytes are needed for tests of human sperm- 
ZP binding because human sperm usually do not bind 
to the ZP of other oocytes of other species (24,25). 
Oocytes that fail to fertilize in conventional clinical IVF 
provide an abundant source since 20% to 30% of 
oocytes are immature or fail to fertilize. Our patients 
sign consent forms permitting the use of their unfertil- 
ized gametes for research or test procedures. Most 
oocytes that show no evidence of two pronuclei or 
cleavage at 48 hours to 60 hours after insemination in 
the clinical IVF program are suitable for use. Although 
they have been exposed to sperm in IVF and their 
quality, age, and cortical granule reaction are unknown, 
the majority (>80%) are capable of binding sperm on 
reincubation with test sperm (21,26,27). Unfertilized 
oocytes with the ZP penetrated by a few (<10) sperm 
after IVF insemination have a similar capacity for sub- 
sequent sperm—ZP binding and ZPIAR compared with 
those with no sperm penetration (27). If the oocytes 
have sperm remaining bound to the ZP after the IVF 
insemination, these can be removed by repeated aspi- 
ration using a fine glass pipette with an inner diameter 
slightly smaller than the oocyte diameter (120 um) 
(27,28). Immature (germinal vesicle or metaphase I) 
oocytes not suitable for intracytoplasmic sperm injec- 
tion (ICSI) can also be used for the sperm-—oocyte inter- 
action tests; however, morphologically abnormal, 
degenerate or spontaneously activated oocytes are 
unsuitable. We find salt-stored oocytes are not useful 
for the tests of sperm penetration or ZPIAR (27). 


Sperm-ZP Binding Tests 


A test based on competitive binding of two differently 
labelled sperm populations incubated with the same 
group of oocytes allows variation in ZP to be con- 
trolled. A mixture of equal numbers of motile test and 
control sperm selected by swim-up or density gradient 
centrifugation and labeled with the fluorochromes 
fluorescein isothiocyanate (FITC) and tetramethylrho- 
damine isothiocyanate is incubated for two hours with 
a group of four oocytes. Loosely attached sperm are 
dislodged by aspiration with a large bore (250-300 um) 
pipette and the number of sperm remaining tightly 
bound to the ZP are counted with a fluorescence micro- 
scope and the ratio of test to control sperm is calcu- 
lated (21). For a simpler screening test not requiring 
control sperm, groups of four oocytes are incubated 
with 2x106 motile test sperm in 1 mL (Fig. 1). Under 
these experimental conditions of high insemination 
sperm concentration (20 times higher standard IVF 


insemination), the number of sperm bound tightly to 
the ZP is greater than 100/ZP for fertile men. Samples 
with an average of less than 40 sperm per ZP are con- 
sidered to have low binding (29,30). 


ZPIAR Test 


A simple method for assessment of the ZPIAR has 
been developed (27,31). Following the screening 
method (above) for sperm—ZP binding, the tightly 
bound sperm are sheared off the surface of the ZP by 
repeated aspiration using a glass pipette that is slightly 
smaller than the diameter of the oocyte (120 um inner 
diameter). The ZP-bound sperm recovered from the 
four oocytes are collected and smeared on a glass slide 
and stained with Pisum sativum agglutinin labeled 
with FITC (Fig. 1). Sperm with more than half the head 
brightly and uniformly fluorescing under a fluores- 
cence microscope have an intact acrosome and the per- 
centage of ZPIAR is calculated after counting 200 
sperm. As sperm must be alive and motile to bind to 
the ZP, there is no need to assess sperm viability. 


Sperm-ZP Penetration Test 


The technique developed to remove sperm bound to 
the surface of the ZP leaves sperm with their heads 
embedded in the ZP or perivitelline space (Fig. 1). 
These ZP-penetrating sperm are easy to count and his- 
tological examination of serial cross sections of some 
oocytes has confirmed the accuracy of this method 
(28). This testidentifies defective sperm—ZP penetration. 
There is a strong correlation between the ZPIAR and 
sperm-ZP penetration. Men with ZPIAR above 20% 
have sperm penetrating the ZP of the majority of 
oocytes (27). 


Sperm-Oolemma Binding Ratio Test 


This test is similar to the sperm—ZP binding ratio test 
(32). The ZP is removed by brief exposure to acidified 
(pH 2.5-3.0) saline with repeated aspiration using a 
glass pipette under a dissecting microscope. Once the 
ZP dissolves, the oocyte is immediately transferred to 
culture medium supplemented with protein and 
washed with three to four changes of the medium over 
30 to 60 minutes. Usually four ZP-free oocytes are 
incubated with a mixture of test and control sperm 
labeled with the different fluorochromes. We find that 
defective sperm—oolemma binding is an uncommon 
cause for failure of fertilization in clinical IVF (32). This 
test is useful, however, for studying the mechanism of 
sperm-—oocyte interaction (33). 


Alternative Tests 


Since the source of test oocytes is limited, development 
of recombinant human ZP, particularly ZP3 (rhZP3) 
protein for tests of sperm—ZP binding and the ZPIAR, 
has been investigated. Although several groups have 
produced rhZP3, it is not consistently active (34-38). 
We expressed rhZP1, 2, and 3 alone or in combination 


in a human kidney cell line to produce recombinant 
proteins glycosylated in a human pattern, but none 
bound sperm or induced the AR (39). 

Most studies of the AR in the literature involve 
model systems (membrane preparations and permea- 
bilized sperm) and other stimuli (progesterone and 
calcium ionophore), which may not provide useful 
information about the physiological human AR. For 
example, we have shown that there is no relationship 
between ZPIAR and either the calcium ionophore 
induced AR or the spontaneous AR occurring with 
incubation (27,40). In contrast, there is a close rela- 
tionship between ZPIAR and the AR induced with 
solubilized ZP (27,41). There is currently no substi- 
tute for human ZP and therefore human oocytes that 
fail to fertilize in clinical IVF remain a valuable 
resource (23). 


Sperm and Oocyte Characteristics Related to 
Sperm-Oocyte Interaction 


Abnormalities in either sperm or oocyte could affect 
sperm-ZP interaction. In clinical IVF, there is no rela- 
tionship between the number of sperm bound to the 
ZP and oocyte quality or maturity assessed morpho- 
logically and oocyte quality is not a common cause for 
low average sperm—ZP binding and penetration affect- 
ing all or most oocytes collected from the one patient 
(42,43). Complete failure of fertilization in standard 
IVF with low sperm—ZP binding or failure of sperm- 
ZP penetration is usually the result of sperm defects 
rather than oocyte defects (43). 

Several sperm characteristics affect the sperm—ZP 
interaction. Before the advent of ICSI, low sperm 
binding to oocytes in clinical IVF was usually due to 
obvious sperm defects of motility or morphology 
(11,44,45). Sperm bind to the ZP by the plasma mem- 
brane overlying the flat surface of the acrosome; this 
probably explains why normal sperm morphology had 
sucha highly significant relationship with IVF fertiliza- 
tion rates (Fig. 2) and also why %Z morphometry is 
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Figure 1 Combined test for sperm—ZP binding, sperm— 
ZP penetration and the ZP-induced AR. Four oocytes are 
incubated with 2 x 106/mL motile sperm (prepared by 
swim-up or colloidal silica gradient centrifugation) for two 
hours. The number of sperm tightly bound to the ZP is 
counted and then removed for assessment of AR 
(ZP-induced AR). The oocytes are then examined for 
sperm—ZP penetration. Abbreviations: AR, acrosome 
reaction; ZP, zona pellucida. 


related to natural pregnancy rate in subfertile couples 
(18). Both the ZP and oolemma are selective for binding 
sperm with normal morphology (26,28). Sperm with 
gross head abnormalities such as amorphous or small 
heads with a small acrosome area do not bind well to 
the ZP (28). Also, a normal intact acrosome is required 
for sperm—ZP binding (26,33,46). Round-headed sperm 
without an acrosome do not bind to or penetrate the 
ZP (47). Sperm motility, concentration, and the pro- 
portion of sperm with a normal intact acrosome in the 
insemination medium are all correlated with sperm- 
ZP binding (21,42,48-50). The sperm—ZP binding test 
reflects multiple sperm functions, which is reflected in 
a highly significant correlation with fertilization rate in 
standard IVF (11,23). 


Œ 1989-90 1991-930 ICSI 


Normal Fertilization (%) 


A 10 10-20 20- a 30-40 >40 
Normal Morphology (%) 


Figure2 Average fertilization rates related to strict sperm morphol- 
ogy assessed by manual semen analysis before IVF treatment in dif- 
ferent eras: 1989 to 1990 oocytes incubated with 2 x 105/mL motile 
sperm, 1991 to 1993 oocytes incubated with up to 2 x 106/mL motile 
sperm if normal sperm morphology <10%, ICSI introduced in 1993 
and used for patients with oligospermia and teratospermia. Error 
bars show 95% confidence limits. Abbreviations: ICSI, intracytoplas- 
mic sperm injection; IVF, in vitro fertilization. 
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(A) 


(B) 
Figure 3 (See color insert.) Oocyte after incubation with sperm and 
washing to remove loosely bound sperm (A), then after aspirating 
several times with a narrow bore glass pipette to shear off sperm 
bound to the surface of the zona pellucida leaving only those pene- 
trating the zona pellucida or in the perivitelline space (B). 


Insights into Sperm Physiology and 
Pathology Resulting from Research on 
Human Sperm-Oocyte Interaction 


Our work in developing human sperm-oocyte interac- 
tion tests has lead to a number of interesting findings 
that exemplify the value of the human sperm-—oocyte 
interaction tests for clinical research. 


Only a Limited Proportion of Motile Sperm Are 
Capable of Sperm—Oocyte Interaction 


The sperm—ZP binding test was modified to provide 
excess ZP-binding sites by repeated exposure of the 
same sperm in a small droplet to successive groups of 
10 oocytes. This enabled estimation of the proportion 
of motile sperm that are capable of binding to the ZP 
(30). We found that less than 25% (average 14%, range 
8-25%) of motile sperm from normal fertile men were 
able to bind to the ZP (30). Also, only an average of 
48% of ZP-bound sperm undergo the AR (51). Thus, 
we estimate that only an average of less than 7% 
of motile sperm in fertile men can bind to the ZP and 


subsequently undergo an acrosome reaction. This low 
proportion of human sperm capable of oocyte penetra- 
tion has important implications for clinical tests of 
sperm-fertilizing ability, particularly for developing 
improved sperm morphology assessments (see 
“Morphometry” above). It also underlines the need to 
assess the subpopulation of sperm capable of interact- 
ing with the ZP, rather than the whole sperm popula- 
tion in semen or those that are free-swimming in the 
culture medium. 


Defects of Sperm-Oocyte Interaction 


Two major defects of sperm—ZP interaction have been 
identified from application of the combined sperm—ZP 
binding and ZPIAR tests (Fig. 1). Defective sperm—ZP 
binding (DSZPB) is defined as an average of less than 
40 sperm bound/ZP when four oocytes are incubated 
with 2x10°/mL motile sperm and disordered ZP- 
induced AR (DZPIAR) is defined as less than 16% 
ZPIAR. 

There are two types of DSZPB. Type I DSZPB 
patients have obvious sperm abnormalities including 
oligospermia, asthenospermia, or teratospermia, often 
in combination. Morphological defects of sperm head 
shape are common to this group who make up about 
70% of patients with DSZPB (11,23). Type II DSZPB 
patients have no obvious abnormalities in routine 
semen analysis and diagnosis can only be made by 
sperm-ZP binding tests or failure of sperm—ZP binding 
in standard IVF. Type II DSZPB might have defective 
or absent ZP-binding sites in the sperm plasma mem- 
brane. Further investigations of patients with type II 
DSZPB may reveal the human sperm receptors for the 
ZP. Our studies show that about 13% of men with 
unexplained infertility have DSZPB II (23,43). 

In 1994, we first reported the sperm defect called 
DZPIAR. This defect was the cause of failure of 


Figure 4 (See color insert.) Sperm removed from the surface of the 
zona pellucida stained with pisum sativum agglutinin labeled with 
fluoresceine. Sperm with bright uniform fluorescence in the anterior 
part of the head are acrosome intact (Al). Those with bright fluores- 
cence in the equatorial segment are acrosome reacted (AR). 


sperm—ZP penetration in a group of patients with a 
long duration of infertility and persistent zero or low 
(<30%) fertilization rates with standard IVF (31). They 
had complete failure of sperm—ZP penetration despite 
normal sperm-ZP binding. When sperm were tested 
with other patients’ oocytes, ZPIAR was low (mean 
6.5%, range 1-16%, normal: mean 53%, range 27-98%). 
These patients were previously classified as having 
idiopathic infertility since they had normal sperm 
analysis, no sperm autoimmunity, normal nuclear 
maturity, acridine orange (AO) staining of DNA, and 
normal acrosomes assessed by fluorescent lectin 
staining and electron microscopy. ICSI is very effective 
for these patients (52,53). 

We had suspected the existence of this condition 
from observations that the ZPIAR for a sample is 
highly correlated with the proportion of oocytes 
showing ZP penetration by sperm from that sample 
(27,29,46,53). Also, incubation with a trypsin inhibitor 
prevented sperm penetration of the ZP while not 
affecting sperm motility or ZP-binding ability (54). 
Subsequently, in a prospective study of 65 patients 
undergoing standard IVF, we found those with ZPIAR 
below 16% had a low (average, 23%) fertilization rate 
(53). The frequency of low ZPIAR is high in patients 
with idiopathic infertility (normal semen): 25%, pre- 
IVF patients with normal semen: 29%, teratozoosper- 
mia (strict normal sperm morphology < 5% with 
normal sperm concentration) 48%, and oligozoosper- 
mia (sperm concentration <20x10°/mL): 69% (23,29, 
43,51,53,55,56). We also found that ZPIAR was related 
to sperm concentration, low ZPIAR being more fre- 
quent in patients with sperm concentrations below 
60x10°/mL (23). 

The existence of DZPIAR proves the critical 
importance of the ZPIAR for human fertility; how- 
ever, the causes of DZPIAR are currently unknown. 
The biochemical mechanisms including the signal 
transduction and effector pathways of the human 
ZPIAR are poorly understood (57). Lengthening the 
time of preincubation of sperm did not increase the 
ZPIAR in the patients, suggesting it is not due to inad- 
equate capacitation. Transmission EM shows the 
sperm bound to the ZP of fresh oocytes had intact 
outer acrosomal and overlying plasma membrane 
(PM); indicating that defective dispersal of the acro- 
some was not the cause of DZPIAR (31). Deficient or 
defective acrosin is not likely to cause DZPIAR because 
the patients had normal acrosin by gelatine slide test 
(31). Also, although they have delayed fertilization, 
acrosin knockout mice are not infertile (58,59). A simi- 
lar phenotype with infertility due to reduced ZPIAR 
and sperm—ZP penetration has been reported in trans- 
genic mice with disruption of two forms of phospholi- 
pase C (PLC), PLC64, or PLC81 (60,61); however, 
collaborative studies showed no difference in total 
PLC activity or expression of PLC64 in the sperm of 
DZPIAR and fertile men. This suggests that human 
DZPIAR is unlikely to be commonly caused by defects 
of PLC64 (60). 


Chapter 24: Semen Analysis and Sperm Function Testing 277 


Studies of the Biochemical Pathways Involved 
in Human Sperm-Oocyte Interaction 


Immunofluorescence with the monoclonal antibody 
PY20 labeled with FITC localizes tyrosine phosphory- 
lated proteins mainly in the principal piece in capaci- 
tated human sperm. The proportion of tyrosine 
phosphorylated human sperm is related to sperm—ZP 
binding (62,63). This can be differentially modulated 
by osmolality of the culture medium (64). 

Using different fluorescent markers for actin and 
acrosome contents on the same human sperm, we 
showed that actin was present in the acrosomal region 
but was lost following the AR (65). Blocking actin 
polymerization with cytochalasin B or D strongly 
inhibited the ZPIAR and an anti-actin monoclonal 
antibody had a similar effect (65,66). During in vitro 
culture, about 10% of motile sperm expose actin on the 
plasma membrane over the equatorial segment and 
acrosome. This actin on the outer surface of the PM can 
be detected with a monoclonal antibody and second 
antibody-coated beads or immunofluorescence (66,67). 
About 50% of the sperm removed from the ZP after 
binding display actin on the surface and this is corre- 
lated with the proportion of sperm in the insemination 
medium exposing actin (67). We suspect this phenome- 
non is related to sperm capacitation or preparation of 
sperm for ZP binding and the ZPIAR. 

Immunohistological studies show protein kinase 
C-a (PKCa) in the acrosomal region (68). PKC stimula- 
tion with phorbol myristate acetate (PMA) and inhibi- 
tion with staurosporine, calphostin C, sangivamycin, 
and bisindolylmeleimide have major effects on the 
ZPIAR (68,69). 

We also reported that PMA induces a marked 
change in acrosomal shape. Many acrosomes had an 
irregular wavy appearance similar to ruffling of the 
plasma membrane of migrating cells in culture (69). 
Although PMA was unable to stimulate the AR in the 
absence of ZP, the percentage of sperm with ruffling 
was correlated with the PMA-enhanced ZPIAR. We also 
showed that actin polymerization is involved as cyto- 
chalasin B and C significantly reduced PMA-induced 
acrosomal ruffling. At this stage, the role of this ruffling 
in normal sperm—oocyte interaction is uncertain. 


Clinical Application of Sperm—Oocyte 
Interaction Tests 


In the clinical management of male infertility, if the 
prognosis for natural conception is low and there are 
no treatable conditions (such as genital tract obstruc- 
tion, gonadotrophin deficiency, coital disorders, and 
reversible toxin exposure or illness), a decision must be 
made between offering standard IVF or ICSI (70). 
Standard IVF is preferred where fertilization is likely 
to occur since it has a lower cost and may produce 
more usable embryos. The choice is generally based on 
the results of semen analysis; however, standard semen 
analysis provides only limited information about 
sperm-fertilizing ability since many patients with 
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sperm defects cannot be identified. In most clinics, 
unexplained infertility is usually treated by standard 
IVF. If this fails in the initial cycle, then ICSI would be 
used subsequently. Choice of first treatment in patients 
with idiopathic infertility and isolated teratozoosper- 
mia may be aided by results of sperm—oocyte interaction 
tests. Patients with normal results should do well with 
IVF, whereas those with low ZP binding or ZPIAR 
below 16% require ICSI. 


O SPERM CHROMATIN, DNA, AND 
OTHER TESTS 


The mechanisms involved in the cause of common 
forms of male infertility associated with oligospermia, 
asthenospermia, and teratospermia are not understood. 
Abnormal sperm produce reactive oxygen species that 
could damage sperm DNA and result in defects of 
implantation or pregnancy loss (71); however, the 
results of ICSI to date do not reveal such problems (72). 
It is possible that abnormal sperm with redundant cyto- 
plasm are excluded in natural or assisted fertilization 
by poor or zero motility and sperm aggregation caused 
by heavy coating with clusterin (73). There is a correla- 
tion between sperm with abnormal morphology and 
motility, and abnormal sperm DNA measured by a 
variety of techniques, including AO fluorescence and 
the sperm chromatin structure assay (74,75). There are 
similar correlations with other techniques that measure 
DNA strand breaks, including chromomycin staining 
and the terminal transferase dUTP nick end labeling 
(TUNEL) and comet assays (76). 


AO Fluorescence 


In a large study performed before the introduction of 
ICSI, we found a highly significant positive relation- 
ship between fertilization rate in IVF and the percent- 
age of normal sperm assessed by the microscopic AO 
test, independent of other sperm characteristics (44). 
A flow cytometry acridine orange test (FCM-AOT) of 
sperm chromatin integrity involving DNA denatur- 
ation by exposure to acid was developed by Evenson 
(74). Red and green fluorescence intensities are mea- 
sured for individual sperm and the resulting red-green 
cytograms are generally summarized in terms of the 
percentage of sperm with an abnormally high propor- 
tion of red to total fluorescence (DFI) (76). We found 
that FCM-AOT is efficient and the results are highly 
reproducible due to the rapid multiparametric analysis 
of large numbers of cells by FCM (75). FCM-AOT vari- 
ables display significant correlations with motility (r= 
0.557), vitality (r=-0.469), and morphology (r=-0.464, 
n=201), which are similar in magnitude to correlations 
between the standard semen variables. Ina large group 
of IVF/ICSI patients, we showed DFI had additional 
predictive value for fertilization rates in standard IVF 
but could not confirm relationships with of implanta- 
tion rate or pregnancy loss (75). 


There are some problems with the FCM-AOT 
methodology and interpretation of the results. The DFI 
changes with acid concentration, and the acid denatur- 
ation medium is not appropriately buffered. There is 
no relationship between DFI and the percentage of 
normal sperm assessed in the microscopic AOT (75). 
The mechanism of some patterns of AO fluorescence 
from sperm is unclear. FCM-AOT performed on motile 
sperm in swim-up samples shows a major reduction in 
red fluorescence over that seen in semen, consistent 
with DFI being related to the proportion of dead sperm 
in the ejaculate. Also, a high number of FCM events 
from swim-up samples fall within the red and green 
fluorescence background gates set for semen samples. 
Cell sorting might help identify the nature of the 
different populations. It is possible that cellular debris 
may contribute to the abnormal DNA signal, particu- 
larly in samples with low sperm concentration that 
limit testing of oligospermic samples. 


O ASSESSMENT OF THE VALUE OF 
SPERM TESTS 


Despite the advances in methodology, semen analysis 
and other sperm tests remain subject to misinterpreta- 
tion. In addition, some methods of testing sperm have 
reached clinical usage stage but have been found to be 
of limited value. For example, the zona-free hamster 
oocyte penetration test was expected to improve semen 
testing, but in practice, it did not prove useful for pre- 
dicting fertilization rates with standard IVF (2). It is 
important that innovations in semen analysis be investi- 
gated in detail by prospective studies to establish their 
value before they are introduced into the clinic. 


Interpretation of Semen Analysis 


Subject and collection factors may affect the results of 
semen analysis to the extent that these always need to 
be considered in the interpretation of results. For 
example, classical patterns of semen abnormality can 
be caused by incomplete collection, spillage, exposure 
of sperm to high or low temperatures, contamination 
with sperm toxins, or coincidental illness in the man 
(Table 1). Semen analysis results can also be extremely 
variable from day to day (77). Some of this variation 
may be attributable to illness, variations in the length 
of abstinence before the semen analysis, or a patient’s 
exposure to heat. Often, however, there is no clear 
explanation. It is important that unless the clinical 
diagnosis dictates otherwise, patients have at least 
two semen analyses performed several weeks apart 
to guide discussions about prognosis for natural 
conception. 


Relationships of Sperm Tests with 
Standard IVF 


Investigation of the causes of failure of fertilization in 
standard IVF and the relationship between results of 


Table 1 Pathological and Extraneous Causes of Semen Abnormalities 
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Normal 
Volume Concentration Motility morphology Extraneous 
(mL) 1-62 = (10%/mL)>202 (%)>50 (%)>15 Comment Pathological cause cause 
0.4 0 - - Fructose 1 Congenital absence of vasa Spill, incomplete 
nmol/L Ejaculatory duct obstruction collection 
(low) pH Partial retrograde ejaculation 
6.5 (low) Testicular failure with 
androgen deficiency 
4.0 0 - = Fructose 15 Genital tract obstruction Transient impairment of 
nmol/L spermatogenesis: 
illness 
Primary seminiferous tubal Secondary seminiferous 
failure tubule failure with 
Drugs: opiates, androgens androgen treatment 
3.0 100 0 35 Live 70% Immotile cilia Contamination condom 
collection 
3.0 100 5 35 Live 20% Necrospermia contamination Delayed examination 


Temperature effect: 
low or high 


Sperm autoimmunity 


aNormal range. 


sperm tests and fertilization rates should provide 
useful information about the sperm tests relevant to 
fertility (21). There are a large number of publications 
on the relationships of various tests of sperm func- 
tion, including sperm-oocyte interaction tests and 
fertilization rate in IVF (11). Some of the studies have 
also included oocyte characteristics such as maturity 
(presence of germinal vesicle and number of polar 
bodies) and morphological quality (good, fair, and 
poor) (21). Most of the studies involve sperm function 
tests performed on sperm from the same ejaculate as 
that used for insemination of oocytes in IVF. The 
results are analyzed using multiple logistic regres- 
sion to determine which groups of sperm function 
results or oocyte factors are independently signifi- 
cantly related to fertilization rate. In general, the 
sperm-oocyte interaction tests, including sperm-ZP 
penetration and sperm—ZP binding assessed by either 
the ZP-binding ratio or the hemizona assay, were 
found to be most significantly related to fertilization 
rate (11,23). Sperm morphology assessed by strict cri- 
teria was also highly significant in the regression 
models (Fig. 2) (21). Other semen variables such as 
mean VSL and microscopic AOT were related to 
fertilization rates in some studies (44,78). The sponta- 
neous AR of sperm in the insemination medium was 
inversely related to fertilization rate (49). Although 
some studies showed that the calcium ionophore 
A23187-induced AR may be useful for prediction of 
IVF, we found a significant correlation between the 
ionophore-induced AR and fertilization rate only in 
patients with teratozoospermia (79). The ionophore- 
induced AR was not correlated with either the ZPIAR 
or sperm—ZP penetration and so does not reflect the 
capacity of sperm to undergo the physiological AR 
(27,40). Many other sperm characteristics, including 
total sperm count, motility, hypo-osmotic swelling, 


nuclear maturity (acidic aniline blue stain), total acro- 
sin activity, and oocyte morphological characteristics 
were not significant (11,48-50). Because the sperm 
concentration, motility, and morphology are all sig- 
nificantly related to sperm—ZP binding, sperm—ZP 
interaction tests reflect multiple sperm functions. This 
is likely why results of sperm—ZP interaction tests 
were so significantly related to standard IVF (11). 

The use of fertilization rate in standard IVF as a 
surrogate for human fertility for evaluating sperm tests 
is no longer available because ICSI is used when the 
semen is not normal to minimize the risk of low or zero 
fertilization rates with standard IVF (72,80). Thus, the 
relationships between semen analysis results and IVF 
are not as strong since the introduction of ICSI (11,23). 
Tests of sperm function, particularly of sperm—oocyte 
interaction, can also be used as indicators of fertility 
but these tests are not widely available and have low 
precision (23). 


Relationships of Sperm Tests with 
Natural Conception Rates 


Normal reference ranges for semen tests can be deter- 
mined by assessing semen in groups of men presumed 
to be fertile (because their partners are pregnant or 
have children) or infertile (because they present to 
infertility clinics) and then applying statistical tech- 
niques developed for screening tests, such as receiver 
operator curves, to determine cut-off values for each 
semen parameter; however, this is generally an unsat- 
isfactory way of advancing the clinical evaluation of 
male fertility. Not only is the critical female component 
not considered in such evaluations, but also most 
patients seen for infertility are subfertile and may con- 
ceive if a sufficient number of attempts are made. 
Therefore, the time element needs to be included in the 
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analysis. An additional issue is the interrelatedness of 
semen variables in groups of subjects: generally, sperm 
concentration, motility, and normal morphology are 
correlated. Regression modeling to select groups of 
variables that significantly affect the pregnancy rate 
independently is useful to select the important semen 
variables and to determine if a new test adds to the 
model or replaces previously significant factors. The 
nature of the relationship between a semen variable 
and pregnancy rate can also be investigated to deter- 
mine if it is continuous or discontinuous and if there is 
evidence of the latter where the discontinuity occurs. 
This has been called a threshold effect, meaning there 
isa level below which fertility decreases with decreasing 
values of the variable and above which there is no 
effect. A slope—threshold logistic regression model has 
been used to identify the threshold for sperm concentra- 
tion (81,82). A remaining problem is that semen vari- 
ables usually explain only a small part of the variance 
of pregnancy rate if absolute problems are excluded, 
such as azoospermia. 

Although studies to determine which groups of 
prognostic factors are related to pregnancy rates are 
important for the management of infertility and for 
understanding the nature of human fertility, these are 
not simple to perform. Such studies require extensive 
follow-up of large numbers of subjects to achieve suffi- 
cient statistical power (18,83). There are only a limited 
number of studies relating semen quality to fertility 
via pregnancy rate, determined either retrospectively 
or prospectively (18,81-86). Reported threshold levels 
vary for example for concentration: 20x10°/mL (84), 
40x10°/mL (81), 55x10°/mL (82), and for strict mor- 
phology 8% (86) and 18% (82), while others find no 
threshold effect (18,83,86). Other semen test results 
and subject characteristics are also variably reported to 
affect pregnancy rates such as sperm motility and 
coital frequency (84). Some find no effect of semen 
volume or sperm motility (81,82). 

We performed a follow-up study (70) of 1367 sub- 
fertile couples initially investigated for male infertility 
between 1970 and 1984 who were not known to have 
an absolute barrier to fertility such as persistent 
azoospermia or bilateral tubal obstruction in the female 
partner. On follow up over six years, 448 couples con- 
ceived without receiving any effective treatment. Life 
table analysis showed about 30% conceived by one year 
and 45% by two years. Cox proportional hazards regres- 
sion analysis was used to explore factors affecting 
pregnancy rates, which included in order of signifi- 
cance and direction: duration of infertility (negative), 
mean sperm concentration at initial testing (positive), 
previous fertility for the male (positive), size of left var- 
icocele (positive), female age (negative), and sperm 
autoimmunity (negative) (70). Treatments such as vari- 
cocelectomy had no significant effect on pregnancy 
rate (83); however, these prognostic factors although 


statistically significant only explained 17% of the vari- 
ance in pregnancy rates. Interestingly, sperm concen- 
tration and sperm autoimmunity (defined as positive 
sperm antibodies and failure of sperm-cervical mucus 
penetration) (see Chapters 26 and 36) were the only 
semen factors significant in the regression model. In a 
subsequent study of subfertile patients who conceived 
and were matched with similar patients who remained 
infertile, however, we found that sperm motility was 
higher in the oligospermic subjects who conceived (87). 
It is possible the relationship between sperm motility 
and fertility in such groups of subfertile couples may 
also be obscured by the inclusion of patients with nec- 
rospermia, who appear to have a better-than-expected 
prognosis for natural conception (88,89). 

We conducted another follow-up study in the 
late 1990s of natural conceptions in 1191 subfertile 
couples to test the predictive value of the morphome- 
try assessment %Z based on the “ZP-preferred” char- 
acteristics. We found %Z, VSL, and female age were 
independently significantly related to the pregnancy 
rate. (18). Intriguingly, the pregnancy rates in this 
study at one (30%) and two (45%) years were similar to 
those of the earlier study (83). 


O CONCLUSIONS AND FUTURE 
DIRECTIONS 


Semen analysis and sperm function tests are complex 
procedures that require considerable care in perfor- 
mance and interpretation. CASA can be used routinely 
for sperm concentration and motility and reliable 
morphology by computer image analysis should be 
possible in the near future; however, clinically impor- 
tant severe abnormalities such as azoospermia and 
severe oligospermia cannot be assessed by CASA. 
Sperm-oocyte interaction tests remain difficult to per- 
form routinely because of the requirement for human 
oocytes from an IVF program. Development of tests 
based on recombinant human zona proteins has not 
been successful. Although the sperm—ZP binding and 
ZPIAR tests may be useful for directing patients with 
idiopathic and mild male infertility to standard IVF 
or ICSI, a prospective trial to test this is unlikely to be 
performed because of the ethical limitations. These 
tests will therefore continue to be used mainly for 
research. FCM may be useful but it is an expensive 
technology and not possible on low numbers of sperm. 
In the future, identification of specific protein abnor- 
malities by proteomic analysis of sperm pathologies, 
defects of ZP binding sites, or other indicators of func- 
tional competence such as actin exposure may provide 
new tests that will improve semen analysis. Most 
importantly, any new tests will require thorough pre- 
clinical evaluation in large prospective studies to prove 
their value for predicting fertility. 
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O INTRODUCTION 


Testicular biopsy is utilized to assess testicular sper- 
matogenesis qualitatively in the infertile male. The 
value of this procedure was demonstrated in the 1940s 
by early reports from Charny (1) and Hotchkiss (2). 
The primary role of testis biopsy is to distinguish 
patients with ductal obstruction who are candidates 
for reconstructive surgery from patients with ablative 
testicular pathology that is not amenable to conven- 
tional therapies. Very little has changed over the last 60 
years regarding the surgical technique, methods of 
processing tissue, and interpretation of the histopa- 
thology; however, with the advent of intracytoplasmic 
sperm injection (ICSI) and published results of live 
births achieved with testicular sperm (3), the indica- 
tions for performing testis biopsy have expanded. 

There are two main types of testicular biopsy: 
fine needle aspiration (FNA) and percutaneous 
testicular biopsy. FNA of the testis has been described 
as a minimally invasive method of obtaining testis 
tissue for cytological evaluation. 

FNA cytology has been shown to demonstrate 
high correlation with histological studies (4). Few 
clinicians have access to flow cytometry and cytological 
analysis, however, limiting the routine use of this tech- 
nique in clinical practice. Additionally, most male 
reproductive specialists have the knowledge and expe- 
rience to accurately evaluate testicular histology. 

Percutaneous testicular biopsy has been described 
and has been shown to correlate well with the stan- 
dard open biopsy technique (5). This technique has the 
advantages of an office-based, minimally invasive pro- 
cedure: less patient anxiety, quick return to normal 
activity, and reduced costs. 

This chapter will review the absolute and relative 
indications for performing testicular biopsy in the 
evaluation of the infertile male. The different methods 
of performing testicular biopsy will be described, as 
well as the methods for processing the tissue. The more 
common histopathological findings will be presented 
and described. These techniques for performing testic- 
ular biopsy for diagnostic purposes can be utilized 
when performing therapeutic testicular biopsy for 
sperm retrieval/ICSI This chapter, however, will 
primarily focus on the diagnostic aspects. 


O INDICATIONS 
Azoospermia 


Patients with azoospermia due to anatomical obstruc- 
tion or ejaculatory disorders often present with histori- 
cal or physical findings suggestive of obstruction. 
Infertile men who are candidates for testicular biopsy 
are selected after the performance of a thorough 
history, physical examination, and specific laboratory 
studies. 

The most common absolute indication is in the 
male with normal size and consistency of the testes, 
with follicle-stimulating hormone (FSH) levels less 
than two to three times the upper limit of normal. The 
primary role of the biopsy is to determine if spermato- 
genesis is normal; if so, this implies the presence of 
ductal obstruction anywhere from the efferent ducts to 
the ejaculatory ducts. The history may reveal prior sur- 
gical procedures associated with the potential of ductal 
injury or resultant neurological injury with associated 
ejaculatory disorders. Physical examination may reveal 
an indurated epididymis consistent with obstruction. 
Laboratory evaluation may reveal low-volume azo- 
ospermia or severe oligospermia suggestive of ejacula- 
tory disorder or obstruction of the ejaculatory ducts. 
Ultrasound examination of the prostrate and ejacula- 
tory ducts may reveal dilated ducts and seminal 
vesicles or a midline cyst, findings consistent with 
ejaculatory duct obstruction. 

When the FSH is greater than three times the 
upper limit of normal, severe impairment of testicular 
spermatogenesis is the most likely cause for the azo- 
ospermia. Any degree of FSH elevation above the 
normal range associated with testicular atrophy is 
invariably associated with some degree of impaired 
spermatogenesis. In this scenario, ductal obstruction is 
highly unlikely, but biopsy will provide a definitive 
diagnosis. This information may be important for some 
patients who may wish to choose either donor sperm 
insemination or adoption instead of proceeding with 
sperm retrieval/ICSI. 

With the advent of ICSI, almost any man has the 
potential of fathering offspring with his own sperm, 
regardless of the azoospermia being associated with 
FSH elevation or testicular atrophy. In this scenario, if 
focal spermatogenesis is determined by biopsy, testic- 
ular sperm extraction (TESE) combined with ICSI and 
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in vitro fertilization offers a reasonable chance of 
conception (3). 

The value of testicular biopsy for azoospermia 
associated with varicocele has recently been demon- 
strated. Biopsy would be indicated in patients with 
absolute azoospermia associated with varicocele. 
Patients with biopsies demonstrating hypospermato- 
genesis or maturation arrest-spermatid stage will often 
respond to varicocelectomy with a return of sperm to 
the ejaculate. Patients with biopsies demonstrating 
germ-cell aplasia (i.e., Sertoli-cell-only) are unlikely to 
respond to varicocelectomy (6). 


O TECHNIQUE 


A unilateral biopsy is all that is necessary in most 
patients. The healthiest testis, as determined by size 
and consistency, should be biopsied. When an asym- 
metric lesion is suspected, then bilateral biopsy is indi- 
cated. Differences in testicular volume, unilateral 
absence of the vas deferens, or indurated epididymis is 
a finding that suggests an asymmetric lesion and 
requires affirmation that spermatogenesis is normal 
bilaterally. Unilateral biopsy is adequate in the absence 
of any signs of a unilateral problem (7). 


Window Technique 


Open biopsy using the window technique may be per- 
formed in the office or outpatient setting, utilizing local 
anesthesia with spermatic cord block, regional anes- 
thesia, or general anesthesia. Because of the minimally 
invasive nature of the procedure, local anesthesia with 
intravenous sedation would be suitable for most 
patients. Lidocaine (1% or 2%) with 0.5% bupivacaine 
ina 1:1 mix provides immediate and long-acting anes- 
thesia. The spermatic cord block is performed with a 
27-gauge, 1.5-inch needle. The needle is advanced 
along the vasal sheath while injecting the anesthetic. 
If bilateral biopsies are being performed, then both 
spermatic cords are blocked at the same time. After 
delivering the cord block, the testis is firmly grasped 
and the scrotal skin is stretched over the testis, keeping 
the epididymis positioned posteriorly to prevent acci- 
dental injury (Fig. 1). The skin at the site of incision is 
then infiltrated with the anesthetic and a 0.5- to 1-cm 
horizontal incision is made in the scrotal skin with the 
scalpel. While continuing to incise, the dartos layer 
and then the parietal layer of the tunica vaginalis are 
encountered and the tunica albuginea of the testis is 
identified. At this point, an eyelid retractor may be 
placed to separate the incision to provide more expo- 
sure. The site of the biopsy is crucial to prevent signifi- 
cant injury to the intratesticular arterial supply. 
The best location to avoid significant arterial injury is 
the medial or lateral aspect of the upper pole (8). 
Additionally, the subsurface vasculature is often 
readily visualized, especially when some form of 
magnification is used, such as loupes or the operating 


Figure 1 Proper positioning of the testis with epididymis positioned 
posteriorly. 


microscope. After identifying the appropriate location 
for performing the biopsy, a 3-0 or 4-0 absorbable 
suture, such as polyglycolic acid, is placed as a stay 
suture with the needle left on (Fig. 2). With the scalpel, 
a 0.5 cm incision is made in the tunica albuginea of the 
testis. Pressure on the testis causes extrusion of paren- 
chyma, which is then sharply excised with clean scis- 
sors. The tissue is first processed for cytological analysis 
and the remaining tissue is immediately placed in 
appropriate fixative for formal histopathologic 
analysis. The incision in the tunica albuginea is then 
closed in a running fashion using the same absorbable 
stay suture. The dartos and scrotal skin is then closed 
in the usual manner. 

The window technique is the preferred method 
of performing an open biopsy to prevent formation of 
adhesions, which often makes subsequent reconstruc- 
tive surgery more difficult. Biopsy can be performed 
after delivering the testis from the scrotal compartment 
during scrotal exploration if the surgeon intends to 
attempt microsurgical ductal repair. In this scenario, 
clinical findings may strongly suggest obstruction, and 
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Figure 2 Window technique using an eyelid retractor and stay 
suture to secure position of the testis in the window. 


the experienced microsurgeon may anticipate immedi- 
ate repair. Frozen section analysis of testicular tissue is 
unreliable, but the surgeon can obtain immediate 
results by wet-prep analysis. 

Older textbooks indicate that vasotomy and vaso- 
gram may be performed in conjunction with testicular 
biopsy. Current thinking, however, strongly argues 
against performing the vasogram at the time of the 
biopsy. Since many of the biopsies will reveal testicular 
pathology as the etiology of the azoospermia, simulta- 
neous vasogram would be an unnecessary procedure 
in these patients. Vasotomy and vasogram are not 
without potential risks, such as vasal arterial injury 
and ductal obstruction, especially when performed by 
a surgeon with limited microsurgery experience. The 
vasotomy and vasogram should be performed at the 
time of definitive repair, unless it is the intent of the 
experienced reproductive surgeon to attempt immedi- 
ate ductal reconstruction. Therefore, vasotomy and 
vasogram, in conjunction with testis biopsy, should be 
performed only by experienced microsurgeons if the 
plan is to attempt immediate and definitive repair. 
Typically, many clinicians will obtain tissue that is 
then sent to the andrology lab for analysis and freezing 
of the sperm at the same time. This often results in not 
having to do a later testicular sperm aspiration (TESA) 
or TESE as a separate procedure. 


Percutaneous Needle Biopsy 


The advantages of needle biopsy over open biopsy 
techniques are less cost, less tissue removed, less tes- 
ticular bleeding, and less postprocedure fibrosis (9). 
All needle biopsy techniques, however, involve the 
limitation of providing relatively few tubular cross- 
sections for examination, with the resultant loss of 
some histological information. Needle biopsy tech- 
niques have been described as being best suited for the 
azoospermic patient as a simple means of documenting 
spermatogenesis in the office setting, so that subsequent 
operative exploration with microsurgical capability 
can be planned. Although further studies comparing 
needle biopsies with concurrent standard surgical 
biopsies are needed to determine the accuracy of 
needle biopsy techniques in quantifying spermato- 
genesis, Kessaris et al. have described a 95% correla- 
tion between percutaneous needle and open biopsy 
techniques in 24 testes (19 patients) in whom both tech- 
niques were applied, both for histologic assessment 
and touch imprint interpretation (5). 

Percutaneous needle biopsy is performed in the 
office with local anesthesia. The type of anesthesia and 
technique for performing the spermatic cord block are 
as described previously for open biopsy techniques. 
The skin is stretched tightly over the testis with the 
epididymis positioned posteriorly. After infiltrating 
the skin with the anesthetic mixture, a small skin 
incision is made to facilitate placement of the needle. 
Several different needles have been described for use 
in performing needle biopsy, such as the Tru-cut needle 


Chapter 25: Testicular Biopsy of the Infertile Male 287 


Figure 3 Percutaneous needle biopsy with the grasping hand posi- 
tioned to avoid injury from the needle should it exit the scrotum. 


or automated systems such as the Microvasive ASAP18 
core biopsy system, which is 18-gauge with a 17-mm 
notch (5,10). The automated systems allow for rapid 
and repeat tissue sampling. As noted previously, the 
best location to obtain tissue and avoiding intratesticu- 
lar arterial injury is the medial or lateral aspect of the 
upper pole. The surgeon must take notice of the loca- 
tion of his hand when grasping the testis to avoid acci- 
dental needle injury, as the needle may pass through 
the testis and exit the scrotum opposite the site of entry 
(Fig. 3). Two passes with the needle are usually all that 
are necessary to obtain an adequate amount of tissue 
for cytological and histopathologic analysis (Fig. 4). 
More than two passes are required for TESE in healthy, 
normal testes. The tissue is handled and processed in 
the same manner as in open biopsy. 


Fine Needle Aspiration 


FNA of the testis provides tissue for cytological exami- 
nation and DNA flow cytometry. DNA flow cytometry 
is a quick and reproducible method previously 


Figure 4 Site of needle biopsy at subsequent reconstructive sur- 
gery. Note that intratesticular blood vessels can be visualized just 
beneath the tunica albuginea. 
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described in the evaluation of male infertility (4,11). 
Abnormal testicular DNA distributions in infertile 
men could provide a prognosis and guide appropriate 
therapy. Normal testicular DNA flow cytometry asso- 
ciated with clinical findings suggestive of obstruction 
would indicate the need for microsurgical ductal 
reconstruction. Many clinicians, however, do not have 
access to DNA flow cytometry equipment nor are most 
clinicians familiar with or experienced in interpreting 
the results. These drawbacks have limited the routine 
use of this technique. 

FNA for cytological evaluation, however, is ideal 
for immediate assessment of the presence and location 
of mature sperm. The technique for FNA is similar to 
the method used for percutaneous needle biopsy. The 
testis is positioned posteriorly after delivery of local 
anesthesia. A fine needle, 23-gauge, with a sharp, 
beveled tip is connected to a 10-mL syringe that is then 
placed in a syringe holder. A small amount of buffer 
solution such as human tubal fluid or Ham’s F-10 is 
aspirated into the needle and syringe. The buffer solu- 
tion facilitates expelling the aspirated testis tissue. The 
technique consists of advancing the needle into the 
testis while maintaining constant suction. The suction 
must be released just prior to withdrawing the needle. 
After withdrawal, the specimen is immediately trans- 
ferred to a glass slide for cytological preparation or 
placed in a small test tube with buffer if therapeutic 
use is intended. 

A recent study reported the use of systematic 
FNA of the testis to guide TESE by constructing a map 
detailing diagnostic biopsies (12). Although helpful in 
defining extratesticular obstruction, the testis biopsy 
offers limited information on nonobstructive azo- 
ospermic testes. Guided by diagnostic biopsies, testis 
sperm extraction procedures fail in 25% to 50% of 
patients with nonobstructive azoospermia, largely 
because it is clinically difficult to know where sperm 
are located. FNA mapping, however, uses systematic 
and multiple FNA of the testis to localize sperm for 
subsequent TESE. This novel report also demonstrates 
the heterogeneity of spermatogenesis in men with 
nonobstructive azoospermia. This technique requires 
the collaboration of an experienced cytopathologist. 
Multiple needle biopsies put the testis at risk for sig- 
nificant intratesticular arterial injury with resultant 
testicular atrophy. Although this study reported no 
evidence of testicular atrophy, adequate follow-up 
was available in only 20% of the patients studied. 
Additionally, other studies have compared sperm 
retrieval rates for FNA with open biopsy and have 
demonstrated that open biopsy is more likely to 
identify sperm than FNA in men with nonobstructive 
azoospermia (13). A recent study demonstrated that 
testicular microdissection permits the direct observa- 
tion of tubules likely to contain sperm, thus increasing 
the yield with less tissue extracted (14). For the above 
reasons, the role of FNA with mapping appears limited 
and should be attempted by only the most experi- 
enced reproductive surgeons. 


Cytology 


Cytological examination of testicular tissue comple- 
ments the histological evaluation and should be 
routinely performed with diagnostic biopsy. The histo- 
logical pattern appears normal in late maturation arrest 
but the absence of mature sperm in cytological exami- 
nation reveals the diagnosis. Immediately after obtain- 
ing the biopsy tissue, the tissue is gently touched and 
slid across a glass slide for the touch imprint (Fig. 5). 
The slide is immediately sprayed with a cytofixative or 
immersed in 95% ethyl alcohol before air drying. The 
slide can be stained with hematoxylin and eosin or 
Papanicolaou stain. A testicular wet prep is prepared 
by placing a small amount of tissue on a glass slide fol- 
lowed by several drops of normal saline before placing 
the cover slip. The slide is immediately examined for 
the presence of sperm. Motile sperm on the wet prep 
suggests ductal obstruction (15). 


Tissue Handling 


After obtaining the biopsy, the tissue requires immedi- 
ate processing so as to preserve the delicate testicular 
histological architecture. Using the “no-touch” 
technique, the tissue is first processed for cytological 
analysis as described above. For diagnostic biopsy, the 
tissue is immediately placed in Bouin’s or Zenker’s 
solution. For therapeutic biopsy, several different 
media can be used, such as human tubal fluid, Ham’s 
F-10, or Biggers, Whitten, and Whittingham solution. 
Cryopreservation of sperm should be considered 
during a diagnostic biopsy. The ability to offer this to 
patients is limited to those centers with cryopreserva- 
tion equipment and experienced personal. Testicular 
biopsy is often performed in the office or ambulatory 
surgery centers where cryopreservation facilities are 
often not available. With open biopsy techniques, 
enough sperm may be retrieved for freezing for subse- 
quent ICSI, should this be necessary. Needle biopsy 
methods in nonobstructive azoospermic patients, 


Figure 5 Testicular tissue is gently touched and slid across the 
slide for the touch imprint. 


however, may not yield enough sperm to survive the 
freezing and thawing process. The specimen should be 
placed in buffer as outlined above prior to transporta- 
tion to the cryopreservation facility. 


Complications 


Complications associated with testicular biopsy are 
few and infrequent. Scrotal hematoma is probably the 
most common complication associated with testicular 
biopsy. The bleeding is generally from the scrotal 
layers and not the testis. Treatment may consist of 
observation for small hematomas or drainage either 
with needle aspiration or open drainage for large 
hematomas. Injury to the epididymis and vas deferens 
are uncommon but may occur in situations in which 
significant adhesions from previous scrotal surgery 
prevent adequate exposure. Testicular atrophy follow- 
ing a single biopsy is rare, but multiple biopsies for 
sperm extraction increase the risk of significant intrat- 
esticular arterial injury. Direct observation of the tunica 
albuginea with magnification prevents accidental 
injury to the vessels visualized just beneath the surface 
of the tunica. 


O HISTOPATHOLOGY 


Evaluation of testicular biopsy utilizes light micros- 
copy. Testicular biopsy does not provide information 
regarding the underlying etiology of the testicular 
lesion but only a descriptive evaluation. Testicular 
biopsy provides qualitative and not quantitative infor- 
mation about the status of the testicular parenchyma. 
Electron microscopy has been used but provides very 
little useful additional information and has not been 
used extensively in clinical practice. 

Multiple cross sections of the seminiferous 
tubules are required for complete and accurate inter- 
pretation of the histopathology. Most reports indicate 
that approximately 100 cross-sections of seminiferous 
tubules are necessary (16). A more recent report, how- 
ever, suggests that 20 to 30 cross-sectioned tubules are 
adequate in evaluating the biopsy specimen (17). 


Normal 


The testicular parenchyma consists of seminiferous 
tubules, which contribute to most of the testicular 
volume; blood vessels, lymphatics, and Leydig cells 
are found in the interstitial compartment. The semi- 
niferous tubules consist of a basement membrane sur- 
rounded by a layer of myoid cells. Immature germ 
cells, spermatogonia, and Sertoli cells lie on the base- 
ment membrane. The Sertoli cells serve to support 
germ-cell maturation and are in intimate contact with 
the germ cells as they proceed through the stages of 
maturation. The germ cells go through an orderly 
process of maturation from spermatogonia, to 
primary spermatocytes, to secondary spermatocytes, 
to spermatids, and to mature spermatozoa. The 
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Figure 6 Normal testis biopsy demonstrating all stages of 
spermatogenesis. 


sequence of germ-cell maturation is not present in 
each cross-sectioned tubule examined because sper- 
matogenesis proceeds in a wave-like pattern along 
the seminiferous tubule. In humans, several different 
stages of spermatogenesis may be present in different 
areas of the cross-sectioned tubule. This explains the 
need to examine large numbers of cross-sectioned 
tubules when attempting to quantify the biopsy 
specimen (Figs. 6 and 7) (16). 

Measuring the diameter of the seminiferous 
tubules is important when evaluating the biopsy speci- 
men. Normal tubules have a mean diameter of almost 
200 Mm (17). Smaller tubules contain diminished or 
absent germ cells. This observation provides important 
clinical information when performing therapeutic 
testicular biopsy (14). (For further information on the 
anatomy of the testes, see Chapter 2.) 


Hypospermatogenesis 


Hypospermatogenesis represents a generalized dimi- 
nution of the number of germ cells with a thinning of 
the seminiferous epithelium. The tubular diameters 
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Figure 7 Higher magnification of normal testis biopsy. Elongated 


spermatids are identified near the lumen of the seminiferous tubule. 
Leydig cells are seen in the interstitium. 
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Figure 8 Maturation arrest with the absence of the elongated sper- 
matids seen in Figures 6 and 7. 


are smaller than normal, but spermatogenesis is present 
in all stages. It can be subjectively quantified as mild, 
moderate, or severe. This histological pattern is often 
associated with maturation arrest. It has been sug- 
gested that these two conditions often overlap, and 
when combined, represent up to 55% of ablative testic- 
ular lesions (16). 


Maturation Arrest 


Maturation arrest is a failure of the germ cells to prog- 
ress beyond a particular stage of development. There 
usually are a normal number of germ cells in the pro- 
ceeding stage of maturation. Both early and late mat- 
uration arrests occur and are usually clearly 
recognized. Late arrest at the spermatid stage is 
uncommon. This condition demonstrates a normal 
appearing pattern but mature sperm are not seen on 
the touch prep (Figs. 8 and 9). 


Sertoli-Cell-Only Syndrome 
(Germ-Cell Aplasia) 


Sertoli-cell-only syndrome is a condition in which there 
is a complete lack of germ cells within the seminiferous 


Figure 9 Maturation arrest with Leydig-cell hyperplasia. 


Figure 10 Sertoli-cell-only pattern with normal interstitium. 


tubules, which contain only Sertoli cells. This pattern is 
present in up to 13% of patients presenting with 
azoospermia (18). The basement membrane appears 
normal and tubule diameter may be normal or 
decreased in diameter. The interstitium contains a 
normal number of Leydig cells (Figs. 10 and 11). Sertoli- 
cell-only pattern may rarely be associated with areas of 
focal spermatogenesis (19). This condition may be 
acquired by exposure to gonadotoxins, chemotherapy, 
or radiation therapy. Most cases are of unknown 
etiology although genetic mutations involving the Y 
chromosome are increasingly identified. 


Basement Membrane Hyalinization, Tubular 
Sclerosis, and Peritubular Fibrosis 


This condition is represented by a thickening of 
the inner basement membrane due to hyaline, an eosin- 
ophilic fibrous substance. The severity may be mild to 
severe in which the germ and Sertoli cells are com- 
pletely replaced with hyaline. Diffuse-and-severe hya- 
linization is termed “tubular sclerosis” and represents 
end-stage testicular failure. Tubular sclerosis with areas 


i LS 
Figure 11 Higher magnification demonstrating Sertoli-cell-only 
pattern. Sertoli cells rest on the basement membrane and have 
prominent nucleoli. 


Figure 12 Touch prep demonstrating germ cells at different stages 
of maturation with mature spermatozoa. 


of hyperplastic Leydig-cell nodules is often seen in 
Klinefelter’s syndrome. The most common causes are 
ischemia, androgen deprivation, postinflammation, or 
exposure to gonadotoxic agents (17). Peritubular scle- 
rosis is thickening of the myoid layer of the tunica 
propria. Causes include gonadotoxins and inflamma- 
tory conditions involving the interstitium (16). 


Cytology 


Testicular cytology can be assessed with the touch or 
wet-prep technique as previously described. Cytology 
is invaluable in distinguishing normal histology 
from later maturation arrest, sparing the patient from 
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unnecessary scrotal exploratory surgery. Immediate 
assessment with the wet-prep method allows the expe- 
rienced reconstructive microsurgeon to proceed with 
definitive repair. Normal cytological specimens dem- 
onstrate germ cells at different stages, including the 
presence of mature sperm (Fig. 12). This is a good 
prognostic finding when subsequent TESE is planned. 


O CONCLUSION 


Testicular biopsy qualitatively assesses spermatogene- 
sis. The primary role of testicular biopsy is to distin- 
guish patients with normal spermatogenesis and 
ductal obstruction from patients with ablative testicu- 
lar pathology. With the introduction of ICSI and its 
successful application in cases of severe male factor 
infertility, the indications for testicular biopsy have 
expanded. The techniques developed for diagnostic 
biopsy have been applied to therapeutic biopsy—e.g., 
TESE. Despite technological advances in the field of 
reproductive medicine, little has changed over the last 
six decades in the technique and interpretation of tes- 
ticular biopsy. Recent efforts have focused on methods 
to limit the amount of tissue extracted and increase the 
success and yield for therapeutic biopsy. Techniques 
to identify sperm-rich regions of the testis have been 
hampered by the invasive nature of these procedures 
and the heterogeneous nature of testicular histology 
and spermatogenesis. It is apparent that for the fore- 
seeable future, clinicians will continue to perform and 
interpret testicular biopsy as has been done over the 
last half a century. 
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O INTRODUCTION 


There is considerable support from clinical studies that 
sperm antibodies impair fertility (1-5) and are detect- 
able in either the male or female partner in a significant 
proportion of couples presenting with infertility prob- 
lems (6,7). Sperm antibodies may impair human fertil- 
ity principally by blocking spermatozoan cervical 
mucus (CM) penetration, although inhibition of fertil- 
ization may also occur. The extent to which these 
effects are differentially expressed is related to the 
antibody level, immunoglobulin (Ig) class, and regional 
specificity of the antibodies concerned. For example, 
tail-tip antibodies do not significantly affect CM pene- 
tration (8) or fertilization (9) and often occur in fertile 
individuals (10-12). In addition, there is evidence that 
sperm-bound antibodies of the IgA class are more 
effective at blocking CM penetration than those of the 
IgG class (9). Other research has indicated that anti- 
body titer is correlated directly with the severity of 
sperm functional impairment (13) and inversely with 
fecundability (1). 

Historically, sperm immunity was assessed by 
observing the sperm agglutinating or immobilizing 
properties of the patient’s serum. With the expansion 
of immunological knowledge in the 1970s, however, it 
became apparent that circulating antibodies are not 
necessarily indicative of local antibodies in either titer 
or Ig class. Work on the Immunobead Test (IBT) was 
initiated by the authors’ laboratory in 1979 and first 
published in 1982 (14). The IBT has since proven to 
be an excellent test for sperm antibody screening. 
A slightly different version of the IBT was developed 
independently by Bronson et al. (15). 

The preliminary investigation of the male partner 
of an infertile couple should include an IBT or mixed 
antiglobulin reaction screen for sperm-bound antibod- 
ies. A positive result should be followed up with a 
repeat test and mucus penetration testing to make a 
preliminary assessment of the functional significance 
of the antibodies. Selected men can be treated with 
corticosteroids to reduce their sperm antibody levels 
as well as to improve sperm function concomitantly 


(16). The female partner should also be tested for circu- 
lating sperm antibodies. High levels of circulating anti- 
bodies may severely reduce the chances of successful 
treatment by in vitro fertilization (IVF) or donor insem- 
ination. Assessment of in vitro sperm—mucus interac- 
tion by means of the capillary (Kremer) test and/or the 
semen CM contact test (GCMCT) may suggest the likely 
presence of sperm antibodies in CM, even though 
circulating antibodies may have been weak or unde- 
tectable. The presence of antibodies in CM should be 
confirmed by testing liquefied CM using the indirect 
IBT. The presence of high CM antibody levels and asso- 
ciated negative or weak circulating antibodies suggests 
a good prognosis for treatment of the couple by intra- 
uterine artificial insemination. On the other hand, the 
presence of high antibody levels both locally and 
systemically gives a poor prognosis. Couples with 
intractable immunoinfertility can be effectively treated 
using intracytoplasmic sperm injection (ICSI) (17). 

In this chapter, the development of the IBT for 
sperm antibodies is described together with results of 
studies to validate the method and determine refer- 
ence values. Some instances of the clinical importance 
of the IBT are given. Then methodology and inter- 
pretation of results of the IBT and the indirect IBT are 
detailed. 


O BASIC PRINCIPLES OF THE 
IMMUNOBEAD TEST 


The IBT is, in essence, a rosetting assay that relies on 
microscopic observation to determine the extent of 
interaction between the marker beads (immunobeads) 
andthe target cells (motile spermatozoa). Immunobeads 
(Irvine Scientific, Santa Ana, California, U.S.A.) consist 
of spherical polyacrylamide beads of 2- to 10-u diame- 
ter, with covalently attached rabbit antibodies directed 
against one class of human Ig (IgG-Cat# 15375, IgA- 
Cat# 15376). The interactions involved in generating a 
positive reaction are shown diagrammatically in Figure 
1. The IBT is scored by determining the percentage of 
motile sperm with two or more immunobeads bound 
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Figure1 Diagram showing the interactions between immunobeads 
and motile sperm in a positive immunobead test. Abbreviation: |g, 
immunoglobulin. 


to their surface and by recording the regional pattern 
of bead binding (i.e., head, tail, main piece, or both). 
Itis important to note that tail-tip bead binding should 
be ignored when scoring the IBT because tail-tip immu- 
nobead binding is not relevant clinically (see above, 
“Introduction”). The IBT result is classed as positive 
when greater than 50% of motile sperm have attached 
beads. These results are obtained for each Ig class sepa- 
rately. It is important that the spermatozoa be washed 
prior to performing the test because free Igs will inhibit 
interaction between immunobeads and sperm-bound 
antibodies. It is also necessary to wash the immuno- 
beads to remove the preservative, which can have a 
deleterious effect on the spermatozoa. The IBT can be 
used either as a “direct” test for detecting antibodies 
bound to a patient’s spermatozoa or as an “indirect” 
test for detecting sperm antibodies in serum or various 
reproductive tract fluids (18,19). In the indirect IBT, 
donor spermatozoa known to be negative by direct IBT 
are incubated for one hour at 37°C in the appropriately 
prepared fluid. If sperm antibodies are present in 
the fluid, they will attach to the spermatozoa and sub- 
sequently be detected by interaction with immuno- 
beads. Positive and negative controls (prepared by 
preincubating the spermatozoa in appropriate pooled 
sera) are included in each test run. The amount of anti- 
spermatozoal antibody in a fluid can also be quanti- 
tated using a titration procedure (19). 


O SPECIFICITY AND REPRODUCIBILITY 


The specificity of the direct IBT was originally investi- 
gated in several ways. Initially, a cross-inhibition test 
was used with purified human Igs representative of 
each Ig class (18). Thus, of 10 samples that were strongly 
positive (i.e., 90-100% of sperm-bound beads) for IgG- 
class antibodies, all were inhibited by purified IgG but 
none were inhibited by identical concentrations of 


purified IgA or IgM. Similarly, strongly positive IgA- 
IBT reactions were inhibited by purified IgA but not by 
purified IgG or IgM. The second approach involved 
the comparison of direct IBT results in semen 
with sperm immobilization test (SIT) results in serum 
(Table 1). The SIT is an immunologically specific test 
because of the requirement for both antibody binding 
and complement fixation on the sperm surface to cause 
immobilization (20). The high degree of concordance 
between the IBT and SIT, therefore, provided further 
evidence of the specificity of the IBT (18,21). Finally, 
direct IBT results were compared with results of the 
SCMCT. Strongly positive “shaking” reactions in 
SCMCT have previously been found to be associated 
with the presence of sperm antibodies of IgA class in 
semen or CM (22). As described below in “Cervical 
Mucus Penetration,” the authors of this chapter have 
found a strong correlation between IBT (particularly 
IgA) results and the proportion of shaking sperm in 
the SCMCT. 

The reproducibility of the direct IBT was deter- 
mined from results on 123 patients who had repeat tests. 
In 120 patients (97.5%), the subsequent tests agreed with 
the initial test, while in three patients, the result changed 
from negative to weak-positive or vice versa (18). 


O NORMAL GROUP STUDIES 


The authors have recently performed an analysis of 
data obtained from direct IBT testing on the semen of a 
group of “normal” men. The subjects were either pro- 
spective semen donors being screened for the Royal 
Women’s Hospital donor insemination program, or 
men participating in a normal fertility study whose 
partners were pregnant at the time of testing. Only one 
man out of 252 subjects was found to be positive for 
IgG-class antibodies (0.4%), and none were positive for 
IgA-class antibodies. Thus, only 0.4% of “normal” men 
were positive for IgG- and/or IgA-class antibodies as 
against 3.4% of a group of 1364 men presenting for 
infertility investigations during the same time period 
(Chi-squared, p < 0.001). 


O CM PENETRATION 


The IBT was used by the authors of this chapter to 
study the Ig class of antibodies on sperm before and 


Table 1 Relationship Between SIT and Direct IgG-IBT 
in Semen 


IgG-IBT (% coated) 
<20 220 
SIT (immobility index) <2.0 136 5 
>2.0 1 17 


Note: Concordance = 96.2%. 

Abbreviations: IBT, immunobead test; IgG, immunoglobulin G; 
SIT, sperm immobilization test. 

Source: From Ref. 18. 


after penetration through a microcolumn of CM. Of 
the men, 16 with positive sperm antibodies (positive 
SIT) and sperm that penetrated CM in prior tests were 
selected for study. At the time of study, however, 
sperm from seven subjects could not be recovered from 
the microcolumn. The nine subjects from whom motile 
sperm were obtained after passage through the column 
had better sperm mucus penetration tests, lower pro- 
portions of sperm binding to anti-IgA immunobeads, 
and a higher proportion of sperm with tail-tip-only 
binding. Sperm recovered after penetration through 
the mucus microcolumn displayed a greatly reduced 
binding to anti-IgA immunobeads in all nine subjects, 
whereas similar reductions in anti-IgG binding 
occurred in only four. These results confirm that IgA 
and sperm-head-directed antibodies are more impor- 
tant than IgG and sperm tail-tip-directed antibodies in 
impairing sperm penetration of CM (8). 

In a second study, the authors analyzed the rela- 
tionship between direct IgA-IBT results in semen and 
SCMCT results. A couple’s results were included if 
they had in vitro capillary (Kremer) mucus penetration 
testing (showing normal penetration or semen factor), 
an SCMCT, and a direct IBT result on the husband’s 
spermatozoa. Because of the findings in the first study, 
tail-tip-only antibody specificities were excluded for 
this analysis. The observed relationship between these 
two tests is apparent from this data and a Spearman’s 
correlation of 0.85 (p<0.001). These results agree with 
earlier work that suggested antibodies of IgA class are 
responsible for generation of positive shaking reac- 
tions in the SCMCT (22,23). 


O IN VITRO FERTILIZATION 


A significant amount of evidence in favor of antibody- 
induced inhibition of fertilization has been obtained 
from studies of animal fertilization and of the fertiliza- 
tion of zona-free hamster ova by human spermatozoa 
(24,25). It should be noted, however, that the latter 
system does not measure the ability of the spermato- 
zoa to penetrate the cumulus oophorus or the zona 
pellucida and hence may have little relevance to IVF or 
to natural fertilization in humans. To obtain more rele- 
vant information, the authors originally studied the 
effect of sperm isoantibodies and autoantibodies on 
the human fertilization process by analyzing the Royal 
Women’s Hospital IVF data. 

The effect of sperm autoantibodies on fertiliza- 
tion was investigated in a group of 17 IVF couples in 
which the male partners had sperm-bound antibodies 
determined by positive IBT results (9). In the subgroup 
(n=8) of couples in which the IBT showed that 80% or 
more of the motile spermatozoa were coated with IgG- 
and IgA-class antibodies, an overall fertilization rate of 
only 27% (18/55 ova) was obtained. In contrast, in a 
second subgroup (n=9) with less than 80% of motile 
spermatozoa coated with IgG- and IgA-class antibodies, 
a normal fertilization rate of 72% (47/75 ova) was 
obtained. Subsequently, using an experimental approach 
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with spare oocytes from consenting IVF patients, it 
was confirmed that sperm antibodies from human 
serum could inhibit human fertilization (26). 


O0 LABORATORY PROCEDURES FOR 
PERFORMING THE IMMUNOBEAD TEST 

Reagents 

Buffer 


Tyrode solution or Dulbecco’s phosphate buffered 
saline (PBS) can be used as the buffer medium for the 
IBT. Both are available commercially from JRH 
Biosciences, Inc. (Lenexa, Kansas, U.S.A., www.jrhbio. 
com) or from Gibco (Grand Island, New York, U.S.A.). 
Alternatively, the buffers can be prepared in the labo- 
ratory. The JRH Biosciences catalog numbers are 55026 
for Tyrode solution and 59300 for Dulbecco’s PBS. 


Bovine Serum Albumin 


The source or purity of the bovine serum albumin 
(BSA) is unlikely to affect the performance of the IBT. 
It is important to obtain the BSA, however, in dried or 
powder form without preservatives and to filter the 
dissolved BSA before use, as explained below. 
Preservatives such as sodium azide can affect sperm 
viability and some bacterial contaminants of crude 
BSA products can cause false positive interactions 
between immunobeads and spermatozoa. BSA can be 
obtained from many companies. The authors use 
Bovostar (Cat# BSAS 0.1) from Bovogen (Melbourne, 
Australia, www.bovogen.com). 


Tyrode Solution Containing 0.3% BSA 


Tyrode solution containing 0.3% BSA (TBSA) is pre- 
pared on the day of use. For example, to prepare 300 
mL of TBSA, weigh out 0.9 g of BSA, dissolve this in 
approximately 20 mL of Tyrode solution, then filter 
(0.45 um Millipore) the solution into a conical flask, 
and make up to 300 mL with Tyrode solution. Warm 
the mixture to 30°C to 37°C before use. 


Tyrode Solution Containing 5% BSA 


Tyrode solution containing 5% BSA (TBSA-5) is pre- 
pared occasionally, aliquoted in 2 to 5 mL volumes, 
and stored frozen (below —30°C). The BSA (5 g/100 
mL) is weighed out, dissolved in Tyrode solution, fil- 
tered through a 0.45-um filter, and then aliquoted. A 
vial is removed from the freezer when required, 
thawed, and warmed to a temperature between 30°C 
and 37°C before use. 


Immunobeads 


Immunobeads are obtained from Irvine Scientific and 
consist of polyacrylamide beads of 2- to 10-um diame- 
ter with covalently bound rabbit antibodies directed 
against human Ig classes (IgG Cat. No. 15375; IgA Cat. 
No. 15376). The beads are initially in dry form and 
are reconstituted by adding 10 mL of plain Tyrode 
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solution (prefiltered, 0.45 um) to a bottle containing 
50 mg of beads (i.e., 5 mg/mL working solution). After 
reconstitution, the beads can be used for up to two 
months if kept at 4°C. Because the beads contain 
preservative, they must be washed once in TBSA 
immediately prior to use. This can usually be done at 
the same time as the second sperm wash. 


Bromelain 


Bromelain (Sigma Cat# B4882) is prepared occasion- 
ally and stored frozen at -70°C in the freezer. Bromelain 
powder is weighed out and dissolved in Tyrode solu- 
tion at a concentration of 2 mg/mL, then aliquoted in 
2-mL volumes before freezing. Bromelain is used to 
dissolve CM prior to testing. 


Direct Immunobead Test 
Application 


The direct IBT (Fig. 2) is used to detect sperm-bound 
Igs of IgG or IgA Ig classes in a patient’s semen sample. 
The direct IBT should be applicable to most semen 
samples with greater than 2.0 x 10° sperm/mL and 
motile sperm present, assuming that the sample is of 
normal volume. 


Semen Immunobeads 


= 10 x 10°sperm e.g., 0.2 ml 


| | 


/ 


` 


MIX 


7 ul of each 


Incubate 10’ RT 


READ 


x200 - 400 


Figure 2 Direct Immunobead Test protocol. Abbreviations: IBT, 
immunobead test; RT, room temperature; TBSA-5, tyrode solution 
containing 5% bovine serum albumin. 


Positive Control 


The positive control for the direct IBT should consist of 
sera that are strongly positive (greater than or equal to 
90%) for IBT-IgG and IBT-IgA in the indirect IBT (see 
section “Indirect Immunobead Test”). The appropriate 
sera are occasionally pooled, aliquoted (100 uL) into 
10-mL centrifuge tubes, and stored frozen until used. 
On the day of use, a tube is thawed, 50 uL of semen 
(best available on the day) is added, and the mixture is 
preincubated at 37°C for 15 to 30 minutes. 


Negative Control 


Transfer 50 uL of the positive control mixture to a 
separate tube and do not wash this tube. The free 
serum-derived Igs will inhibit any specific sperm-bead 
binding. 


Procedure 


1. Dispense an aliquot of the semen to be tested 
into a 10-ml plastic conical centrifuge tube. The 
volume of semen dispensed is determined by 
the sperm count and motility. The aliquot 
should preferably contain 5 x 106 to 10 x 106 
motile spermatozoa. 

2. The volume is then made up to 10 mL with TBSA. 
The TBSA should be prewarmed to 30°C to 37°C 
and checked using a thermometer. 

3. The tube is centrifuged at 500 g (2000 rpm) for five 
minutes. The supernatant is then aspirated down 
to approximately 0.2 mL and the pellet is resus- 
pended and made up to 10 mL again with TBSA. 
Aliquots (e.g., 0.2 mL) of the appropriate immu- 
nobead reagents can be washed at the same time 
as the second sperm wash. 

4. Repeat centrifugation and finally resuspend the 
sperm and immunobead pellets in 0.2 mL TBSA-5. 
If the density of motile sperm is too low to obtain 
an accurate reading, then centrifuge again (with- 
out adding washing buffer), remove 150 uL of the 
supernatant, and set up the slide preparations 
again. If this fails, then request a second semen 
sample or perform an indirect IBT on seminal 
plasma. The test is performed by mixing 7 uL of 
washed sperm with 7 uL of the appropriate immu- 
nobead reagent on a slide and covering with a 
standard (22 x 22 mm) cover slip. The slide is incu- 
bated at room temperature in a moist chamber for 
10 minutes before grading under phase-contrast 
optics (200x to 400x magnification). Set up slides 
for both IgG and IgA. 

5. A test is positive if at least 50% of the motile 
sperm have two or more attached beads. The 
percentage of motile sperm bound to beads is 
recorded and also the pattern of binding, that is, 
the head (H), tail mainpiece (M), tail endpiece 
(E), or all (A). 


Indirect Immunobead Test 
Application 


The indirect test (Fig. 3) is used to detect sperm anti- 
bodies in seminal plasma (6), serum (27), follicular 
fluid (19), or CM (7). In the past, the authors of this 
chapter have recommended preliminary screening of 
sera using immunobeads directed against whole 
human Ig (IBT-GAM), followed by secondary testing 
of positives by IBT-IgG, IBT-IgA, and IBT-IgM (28). 
It is the authors’ experience over the last few years, 
however, that has led to the conclusion that it is much 
more cost effective to screen for IgG- and IgA-class 
antibodies only. This is because sera are rarely 
positive for IgM-class antibodies alone, and it is not 
believed that IgM-class antibodies are of clinical 
significance. 


Positive Control 


The positive control for the indirect IBT is sera that are 
strongly positive for IBT-IgG and/or IBT-IgA. In the 
indirect IBT, this is occasionally pooled, passing 
through a 0.45 um disposable Millipore filter, diluted 
1/10 in Tyrode solution, aliquoted (500 uL), and frozen 
(—70°C) until used. On the day of use, a tube is thawed 
and processed with the batch of sera to be tested. 


Negative Control 


Sera that are negative for IBT-IgG and IBT-IbA are 
pooled and processed as above. 


Semen 


Immunobeads 
2 x 10° motile sperm 0.2 mi 


Serum 
4/10 Tyrodes, 0.5 mi 


Incubate 30’ 37°C 


Resuspend Resuspend 
0.1 mi TBSA-5 0.2 mi TBSA-5 


% i 


MIX 


7 ul of each 


Incubate 10’ RT 


READ 


x200 - 400 


Figure 3 Indirect immunobead test protocol. Abbreviations: RT, 
room temperature; TBSA-5, tyrode solution containing 5% bovine 
serum albumin. 
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Sample Preparation 
Seminal Plasma 


An indirect IBT is performed on seminal plasma if 
there are not enough motile sperm to perform a direct 
test. Seminal plasma is prepared by filtering the semen 
through a 0.45 or 0.8 um Millipore filter (disposable). 
Semen with increased viscosity must be syringed 
before filtering. Seminal plasma can be tested without 
inactivation of complement. Dilute 0.25 mL seminal 
plasma with an equal volume of Tyrode solution to 
test. Store at -70°C until tested. 


Cervical Mucus 


CM is prepared by adding an equal volume of Tyrode 
solution containing 2 mg/mL of Bromelain and incu- 
bating the mixture at room temperature for 10 to 
15 minutes with frequent shaking. Check the viscosity 
by dropping the solution from a Pasteur pipette: if the 
drop hangs on at all, then syringe the mixture several 
times. The mixture is then centrifuged at 600 g (2000 
rpm) for five minutes to remove debris and inactivated 
at 5°C for 30 minutes prior to testing. If not tested on 
the same day, freeze at —70°C. 


Serum or Follicular Fluid 


Inactivate at 56°C for 30 minutes. Store at -70°C until 
tested. The initial screening test is performed on sera 
diluted 1/10 in TBSA: 


1/10=50 uL serum+450 uL TBSA 


Samples that are strongly positive (i.e., at least 
80% of sperm with attached beads for IgG or IgA 
classes) at 1/10 dilution can then be titrated in tenfold 
steps and retested immediately: 


1/100=50 uL of 1/10 dilution+450 ul TBSA 
1/1000=50 uL of 1/100 dilution+450 uL TBSA 


Procedure 


Add 20 to 50 uL (approximately 2 x 10° motile sperm) 
of semen, previously found negative (less than 5% of 
sperm coated) by direct IBT, to 0.5 mL of the fluid to be 
tested. Mix and then incubate the mixture at 37°C for 
30 minutes. At the completion of incubation, perform 
steps two to four as described for the “direct test” 
except that final sperm resuspension is in 80 uL of 
TBSA-5. The “indirect test” can be semiquantitated as 
a titer by preparing tenfold dilutions of the fluid to be 
tested, then processing, as described above. 


Quality Control Procedures 
Positive and Negative Controls 


The procedures for generating positive and negative 
controls have been described above. Pooled serum 
containing sperm antibodies is used to produce a posi- 
tive control for the direct IBT. This is necessary because 
of the logistic problem of obtaining natural positive 
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semen on a day-to-day basis. The negative control is 
generated by inhibiting specific immunobead binding 
with serum-derived Igs. Alternatively, it might be 
feasible for some laboratories to use fresh or cryopre- 
served semen from an individual previously found to 
be negative by direct IBT. This would provide a “true” 
negative control that would be preferable to the artifi- 
cially generated control. In any case, it is important to 
include a negative control with each test batch in order 
to determine if significant nonspecific bead—sperm 
binding may be occurring. The positive control dem- 
onstrates that the immunobead preparation is func- 
tionally intact; this controls against deterioration 
during storage or the possible introduction of extrane- 
ous factors—for example, if the technician accidentally 
used a buffer containing human serum, the positive 
control would give a weak or negative result. 

In the event of a weak positive control result, the 
following should be checked: 


1. The date of reconstitution of the immunobead 
preparation. If the immunobeads have been recon- 
stituted and stored at 4°C for more than eight 
weeks, it would be advisable to discard them and 
open a new bottle. If the laboratory were only test- 
ing small numbers of samples, it would prove 
more economical to weigh out perhaps 10 mg of 
the lyophilized immunobeads instead of reconsti- 
tuting the full 50 mg. 

2. The immunobead stock for fungal or bacterial 
contamination. Discard immunobead stock if con- 
taminated. 

3. Whether the negative rather than a positive con- 
trol tube was mistakenly used. 

4. Whether the BTSA could have been contaminated 
with human serum. 

5. If the incorrect buffer was used by mistake. 


In the event of positive results occurring in the 
negative control, the following should be checked for: 


1. Bacterial contamination of immunobeads: discard 
stock if contaminated. 

2. Bacterial contamination of TBSA: was the BSA fil- 

tered? Is the TBSA more than 24 hours old or has it 

been maintained at 37°C for many hours? Prepare 

from fresh TBSA if indicated. 

Mix-up of control tubes? 

Mix-up of slide preparations? 

If the semen sample was heavily contaminated 

with bacteria? If so, repeat the IBT on a fresh semen 

sample. 


SIR 


Crossed Inhibition Test 


This procedure may be useful for troubleshooting or as 
an extra proof that a positive IBT result is due to immu- 
nologically specific binding between immunobeads 
and sperm-bound antibodies. The inhibition test is 
performed as follows: 


1. Add an equal volume of pure IgG or IgA (Sigma 
Cat# I 4506 or I 1010, respectively, 2 mg/mL) to an 
aliquot of the appropriate immunobead prepara- 
tion (e.g., anti-IgG immunobeads). 

2. Incubate the Ig/bead mixture for 30 minutes at 
37°C to allow binding between the rabbit anti- 
human IgG antibodies attached to the beads and 
the pure Igs added. 

3. Retest the sperm preparation that was positive for 
sperm-bound antibodies of IgG class, but using 
the beads preincubated with pure Ig. A specific 
positive result for IgG should be inhibited by puri- 
fied IgG but not by IgA. Similarly, a specific posi- 
tive for IgA-class antibodies should be inhibited 
by pure IgA but not by IgG. 


Cross Referencing 


It is important for the scientist or technician perform- 
ing the IBT to note if there are other indications of the 
presence of sperm antibodies, rather than relying 
entirely on a single test result. Did the patient have 
pronounced sperm agglutination in his semen? Has he 
had a vasectomy reversal (vasovasostomy) operation 
performed? Did his sperm penetrate normal CM? Did 
they show the shaking phenomenon in the SCMCT? 
Have any tests for circulating sperm antibodies been 
performed? Has the couple had negative postcoital 
tests (PCT)? Have they had unexplained poor fertiliza- 
tion results in IVF? Similar points need to be noted 
for a positive IBT for sperm antibodies in CM. It is 
important to note that there is not an exact relationship 
between these variables and IBT results. Cross- 
referencing is a useful exercise, however, particularly 
when first establishing the IBT protocol in a laboratory, 
because it will give confidence that the test is detecting 
sperm antibodies of clinical relevance—especially when 
strong IBT results are obtained. 


Interpretation of Results 


The authors of this chapter consider 50% sperm coat- 
ing at 1/10 serum dilution to be the minimum indirect 
IBT result likely to have any clinical significance. This 
is a conservative criterion, considering the sensitivity 
of the IBT. It is possible that 1/100 may be a more 
appropriate serum dilution to use. This may also 
vary with the Ig class of the antibody for which the test 
is being used. 

With respect to the direct IBT, the authors believe 
that a minimum of 50% of motile spermatozoa must 
be coated with antibodies for the IBT result to have 
any likely clinical significance because of several con- 
siderations. Firstly, from a statistical point of view, it is 
unlikely that sperm function will be significantly 
impaired if less than 50% of the motile sperm are 
coated with antibodies. This opinion was confirmed 
by comparison of IBT results with IVF, CM penetra- 
tion, PCT, and conception rates. Therefore, the crite- 
rion of more than two beads bound to at least 50% of 
sperm is used as the criterion of positivity that is likely 


to have clinical significance. This criterion alone, how- 
ever, is not sufficient to conclude that a patient has 
“immunoinfertility” or “sperm autoimmunity.” The 
use of these terms is restricted to cases in which both 
sperm antibodies have been unequivocally detected 
and there is evidence of poor CM penetration by sper- 
matozoa and/or repeated negative PCT, suggesting 
functional impairment consistent with infertility or 
subfertility. 


What Is the Appropriate Course of Action after 
Sperm Antibodies Have Been Detected in Either 
Husband or Wife, or Both? 


If the antibody test was initially performed on the 
patient’s serum, then the following steps should be 
performed: 


1. Repeat the indirect IBT on serum, including 1/100 
and 1/1000 serum dilutions. 

2. Perform an IBT on semen or CM. 

3. Ifnot already done, test for sperm/CM penetration. 


If, as is preferable, tests for local antibodies have 
been performed first, then proceed as follows: 


1. Test for sperm/CM penetration. 
2. Repeat IBT tests on semen and/or CM. 
3. Test sera by indirect IBT. 


How Should the Various Results Be Interpreted 
in Order to Advise and Treat the Couple for 
Their Infertility Problem? 


If a man has a positive direct IBT associated with a 
poor capillary (Kremer) test result (less than 2 cm in 
two hours), then the patient can be treated with ICSI or 
corticosteroids such as prednisolone (16). Before pro- 
ceeding with corticosteroid treatment, it is imperative 
that the female partner is thoroughly evaluated to 
ascertain whether she is ovulating, has patent fallopian 
tubes, and does not have endometriosis. If any of these 
findings are indicated, she may require prior or con- 
comitant treatment to ensure optimal chances for a 
successful outcome. The man must be thoroughly 
screened and counseled regarding the possible side 
effects of corticosteroid treatment. Any evidence of 
a peptic ulcer, high blood pressure, tuberculosis, 


Chapter 26: Immunological Evaluation of Male Infertility 299 


diabetes, or any serious illness is a contraindication for 
corticosteroid treatment. 


What Course Should Be Followed if the Female 
Partner Has Sperm Antibodies? 


If the patient has a positive indirect IBT for IgA-class 
antibodies in CM associated with poor CM penetration 
results but a relatively low titer (less than 1/100) of cir- 
culating antibodies, then the patient has a reasonable 
chance of conceiving by intrauterine insemination of 
husband’s semen or washed spermatozoa (assuming 
essentially normal semen quality). High-titer anti- 
bodies (>1/1000) give a generally poor prognosis. 


O TREATMENT 


The traditional treatment for sperm autoimmunity has 
involved the use of immunosuppressive doses of corti- 
costeroids such as prednisolone taken continuously 
(16) or intermittently (29). This therapy is successful in 
helping approximately 25% of men with definite immu- 
noinfertility to impregnate their partners. This treat- 
ment, however, is only suitable for men who are in 
good health. Unpleasant side effects lead some men to 
discontinue treatment, and it isnot advisable to continue 
treatment for extended periods. Although corticoste- 
roid treatment remains an option, immunoinfertility 
can now be circumvented using ICSI procedures (17). 


O CONCLUSION 


The IBT is an excellent test for assisting the clinical 
management of human infertility. All patients should 
be screened for sperm antibodies, and if the IBT is pos- 
itive, tests of sperm function, such as sperm CM pene- 
tration, should be performed to assess the significance 
of the positive antibody test. Patients with positive IBT 
and severely impaired sperm function are unlikely to 
conceive naturally, by artificial insemination, or by 
standard IVF, but can be treated by ICSI. In the future, 
refinements of the IBT, such as using mixtures of beads 
with different Ig antibodies bound to different colored 
beads, may be used. New approaches to the quantita- 
tion of sperm antibodies may be developed, but tests 
that are specific for epitopes involved in the fertiliza- 
tion process are still only theoretical. 
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O INTRODUCTION 


The treatment of severe male-factor infertility has seen 
remarkable advances since 1992, with the introduction 
and widespread use of intracytoplasmic sperm injec- 
tion (ICSI), a micromanipulation technique in which a 
single mature sperm is injected into the oocyte to 
initiate fertilization (1). This procedure now provides 
men who were previously thought to be irreversibly 
infertile the chance to initiate their own biologic preg- 
nancy. When examining the offspring, the physician 
should keep in mind that abnormalities may be trans- 
mitted from either parent or may arise de novo, 
depending on the specific defect. While transmission 
of these genes may cause problems with male infertil- 
ity in the offspring (2), unknown consequences may 
also be attendant. 

The present genetic screening of subfertile men is 
directed toward azoospermic and severely oligozoo- 
spermic men (Table 1). It is estimated that 11% to 30% 
of these men may have an identifiable genetic abnor- 
mality (3,4). Men with spermatogenic failure are offered 
Y-chromosome microdeletion testing and karyotype 
analysis. Those men with congenital absence of the vas 
deferens require cystic fibrosis (CF) transmembrane- 
conductance regulator (CFTR) gene-mutation testing. 
At a minimum, the couple should be made aware of 
the availability and significance of this testing. 


O CF GENE MUTATIONS 


Azoospermic men with vasal or epididymal abnormal- 
ities should be screened for CFTR gene mutations. The 
most common clinical presentation is that of azoosper- 
mia, low-volume ejaculate, and congenital bilateral 
absence of the vas deferens (CBAVD) (Fig. 1), which 
occurs in 1% to 2% of men presenting with infertility 
(5,6). The carrier status for this autosomal recessive 
condition is quite common, being present in 1/25 to 
1/30 persons of Northern European descent. Over 800 
CFTR gene mutations have been reported (4,7). Because 
of the potentially fatal nature of this autosomal reces- 
sive disorder for the offspring, screening should now 
be considered routine when vasal or epididymal 
abnormalities are suspected. 

CF is a fatal disorder most prominently char- 
acterized by pulmonary and pancreatic disease. 


Approximately 97% to 98% of men with CF also have 
CBAVD, although it is possible that 2% to 3% of men 
with CF are fertile (8). This lifelong illness, typically 
diagnosed in childhood, is progressive and inherited. 
Common symptoms include chronic cough, wheezing, 
sinus infections, nasal polyps, excessive mucus pro- 
duction, recurrent pneumonia, poor growth, frequent 
foul-smelling stools, enlarged fingertips, and skin that 
is salty to the taste. Because there is no cure, treatment 
is directed toward symptomatically improving the 
length and quality of life. Aerosols are used to ease 
breathing, and postural drainage or chest physical 
therapy helps to remove mucus from the lungs. 
Pancreatic enzymes are taken with meals to help digest 
food. Currently, 50% of CF patients are expected to live 
until their thirties. 

The CFTR gene, also called ABCC7, is located on 
chromosome 7 at 7q31 and was identified in 1989 (9- 
11). The CFTR gene is 250 kb in length and contains 27 
exons. AF508 is a three-base-pair deletion in exon 10 
and is the most common mutation responsible for CF, 
accounting for approximately 70% of CF alleles (9). 
Other less common deletions include G542X (2.9%), 
N1303K (2.1%), and 1717-1G > A (1.3%) (12). Only 11 
mutations have relative frequencies of over 0.4%. 
Ethnic and geographic variations exist. Testing should 
also be performed for the 5 thymidine (5T) allele on 
intron 8 because of the high frequency of abnormal 
findings. Since the 5T allele causes reduced levels of 
normal CFTR mRNA, this variant would appear to be 
likely involved in the pathogenesis of CBAVD. Chillon 
et al. concluded that the combination of the 5T allele in 
one copy of the CFTR gene with a CF mutation in the 
other copy is the most common cause of CBAVD (13). 
The 5T allele mutation has a wide range of clinical 
presentations, occurring in patients with CBAVD or 
moderate forms of CF and in fertile men. 

Between 50% and 82% of men with CBAVD and 
approximately 43% with unilateral absence of the vas 
deferens will have at least one detectable CFTR gene 
mutation (14-16). Jarvi et al. reported that at least 47% 
of otherwise healthy men with idiopathic epididymal 
obstruction had a CFTR gene mutation (17). CFTR gene 
mutation analysis may reveal a variable mutation pat- 
tern (18). For example, AF508 mutations result in true 
CF, not just CBAVD. In contrast, milder mutations 
such as the R117H or 5T variant of intron 9 result in 
CBAVD, not CF. The determining factor for disease 
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Table 1 Common Genetic Testing for Male Infertility 


Testing Indications 


Cystic fibrosis gene mutation Congenital absence of the vas 
deferens 
Vasal or epididymal 


abnormalities 


Y chromosome microdeletion Spermatogenic failure 
characterized by sperm 


density <5 million sperm/mL 


Simple karyotyping Spermatogenic failure 
characterized by sperm 


density <5 million sperm/mL 


severity is the total amount of normal CFTR protein 
produced. Up to 20% of CBAVD men may be carriers 
of two different mutations, also known as being com- 
pound heterozygotes. 

These CFTR gene mutations may result in 
Wolffian duct abnormalities as the only somatic mani- 
festations (including defects of the epididymis, vas, or 
secondary involvement as absence of a kidney), as 
sperm production is typically normal. The semen pro- 
file is characterized by azoospermia, reduced semen 
volume, and absent or decreased fructose levels. A 
defect in the Wolffian duct at or before the formation 
of the ureteral bud at seven weeks of age results in 
malformation of the entire Wolffian duct and subse- 
quent vasal agenesis. Other clinical manifestations 
include unilateral renal agenesis and seminal vesicle 
aplasia or hypoplasia. Because renal agenesis is pres- 
ent in about 11% of men with bilateral congenital 
absence and 26% of infertile men with unilateral con- 
genital absence of the vas deferens (14), a renal ultra- 
sound should be recommended for men in whom a vas 
is not palpable. 

Ideally, both the male and female should be 
tested. If resources are limited, then it is reasonable to 
test the female alone. If she is negative, the risk of the 
offspring having CF or CBAVD is 1:960 (19,20). If both 
partners are carriers for the same mutation, the rules of 
autosomal recessive inheritance are followed. The off- 
spring will have a quarter chance of having full-blown 
CF, a half chance of being a carrier, and a quarter 
chance of having no gene mutations. If both are 


Figure 1 Congenital absence of the vas deferens. This patients 
epididymis contains only a small portion of the caput. Variable 
amounts of the epididymis may be present. 


carriers for the mutation, preimplantation blastomere 
biopsy analysis may be performed by several specialty 
research centers under investigational protocol (21). 

In men with CBAVD, pregnancy rates of approx- 
imately 50% per cycle have been obtained with ICSI in 
contrast to 10% with standard in vitro fertilization 
(IVF), after sperm harvesting from the epididymis 
(22-24). (For further information on the techniques of 
sperm harvesting including microsurgical epididymal 
sperm aspiration and percutaneous epididymal sperm 
aspiration, see Chapter 33.) Cryopreservation of sperm 
does not appear to adversely affect outcome (24). 
Unless testicular atrophy is present, testicular biopsy 
prior to ICSI is unnecessary because spermatogenesis 
is preserved in the vast majority of men. It is generally 
believed that the presence of CF mutations in the 
male partner does not compromise in-vitro fertiliza- 
tion treatment outcomes or the opportunity for healthy 
live births (24). 

CFTR gene mutation testing, obtained from a 
peripheral blood specimen or buccal mucosal smear, is 
available at most major medical centers and commer- 
cially (25,26). Testing is based on the polymerase chain 
reaction (PCR). The physician should be aware that 
not all possible mutations are detected because of lim- 
ited allele testing—typically for only 30 of the most 
common loci. 


O Y-CHROMOSOME MICRODELETIONS 


Men who are azoospermic and severely oligozoosper- 
mic (<1-5 million sperm/mL) should be offered Y- 
chromosome microdeletion testing and karyotype 
analysis. Structural chromosomal abnormalities of the 
Y chromosome were suspected to have a role in male 
infertility by Tiepolo and Zuffardi in as early as 1976, 
but their findings and significance did not produce 
much clinical impact until the introduction and wide- 
spread use of ICSI (27). Deletions in the Deleted in 
Azoospermia gene (DAZ), which is a novel transcrip- 
tion unit that is usually present in the azoospermia 
factor locus (AZF) region in men of normal fertility 
gene, are present in 10% to 15% of otherwise normal 
46,XY men with nonobstructive azoospermia (28-30). 
This defect is clearly phenotypically diverse, as approx- 
imately 6% to 10% of men with severe oligozoosper- 
mia (sperm density less than 5 million sperm/mL) 
have this deletion (31,32). In contrast, DAZ deletions 
are found in only approximately 2% of normal men. 

It is well established that the long (q) arm of the Y 
chromosome is required for spermatogenesis (27) and 
that microdeletions on the Y chromosome are associ- 
ated with infertility (33,34). The specific region of the Y 
chromosome implicated in male infertility based on 
mapping studies is called the AZF, containing approx- 
imately 5 x 10° base pairs and present in band q11.23 
(Fig. 2) (35). Four distinct interstitial deletions causing 
azoospermia or severe oligozoospermia occurring in 
nonoverlapping subregions of Yq11 are called AZFa, 
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Pseudoautosomal 
region 


AZFo (KLARD) 


Figure 2. Map of the Y chromosome. STS in the deletion intervals 5 and 6 of the q arm are indicated. The AZFa, AZFb, and AZFc regions are 
highlighted. The patient numbers correspond to specific analysis from Pryor’s study on Y-chromosome microdletions. The dashes represent 
deleted areas. Abbreviations: AZF, azoospermia factor locus; STS, sequence-tagged sites. Source: From Ref. 31. 


b, c, and d (36,37). AZFa, AZFb, and AZFc correspond 
to the proximal, central, and distal segments of Yq11, 
respectively. These subregions appear to regulate dif- 
ferent stages of spermatogenesis. Testicular biopsies in 
these men have demonstrated a range of spermato- 
genic defects from Sertoli-cell-only syndrome (SCO) 
(no sperm-forming elements) to maturation arrests 
(sperm-forming cells present, but not mature sperm) at 
the spermatid stage (28). Ferlin et al. suggest that 35% 
of men with SCO and 25% of men with severe hypo- 
spermatogenesis have microdeletions (38). In contrast, 
no deletions were found in testiculopathies of known 
etiology, obstructive azoospermia, and normal fertile 
men (38). Deletions in the AZFc region involving the 
DAZ gene were the most frequent finding and were 
more often observed in severe hypospermatogenesis 
than in SCO, suggesting that deletions of this region 
are not sufficient to cause complete loss of the sper- 
matogenic line. 

AZFa deletions are quite rare and have been 
associated with SCO. The Drosophila fat facets related 
Y (DFFRY) gene is a candidate gene for fertility that 
has been mapped to the AZFa subregion. Deletions of 
the AZFb region especially have been correlated with 


the absence of mature spermatozoa and presence of 
round spermatids in testis biopsy specimen (39). It is 
likely that different AZFb subtypes result in specific 
spermatogenic abnormalities. Vogt first described that 
complete AZFb deletions (sY113-sY143) result in a 
maturation arrest at the spermatocyte or spermatid 
stage (36). The RNA-binding motif (RBMY) gene family 
is located in AZFb. Whole AZFb deletions with AZFa 
and/or AZFc are associated with SCO (40). Partial 
AZFb deletions are associated with a heterogenous 
phenotype, including oligozoospermia (40). 

Isolated AZFc deletions are the most common 
type and coincide with the DAZ gene. Deletions includ- 
ing and extending beyond the AZFc region (AZFb +c, 
AZFa + b +c) are associated with a total absence of tes- 
ticular spermatozoa (41). AZFc deletions alone, how- 
ever, are associated with the presence of mature sperm 
in about 50% of azoospermic men (42). Foci of 
spermatogenesis within a predominant SCO pattern 
may be identified with AZFc deletions. AZFd 
associated with mild oligozoospermia or even normal 
sperm counts associated with abnormal sperm mor- 
phology has also been recently described (43). Deletions 
of the DAZ gene result in severe impairments of 
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spermatogenesis, but not always. Microdeletions may 
also be responsible for severe bilateral testicular 
damage that could be phenotypically expressed by 
unilateral cryptorchidism as well as by idiopathic 
infertility (44). 

As can be inferred from the preceding discussion, 
the type of AZF deletion may have implications on 
patient management (40). If a patient has a partial 
AZFb or a complete AZFc deletion, there is a higher 
likelihood of finding sperm than a complete AZFb 
deletion. These results are preliminary, and larger 
series may confirm that a complete AZFb deletion is 
associated with complete absence of mature sperm, 
thereby contraindicating testicular sperm extraction 
(TESE) attempts for such a patient. The specific type of 
deletion can guide the aggressiveness of TESE for find- 
ing mature sperm; however, data interpretation is still 
preliminary and caution should be used (45). 

The immediate concern of these Y-chromosome 
microdeletions is that transmission to the offspring 
may occur (46-48). Page et al. demonstrated transmis- 
sion in four sons fathered by three men with AZFc 
deletion through ICSI (47). All four sons were found to 
have inherited the Y-chromosome microdeletions. 
While the male offspring may be infertile, the answer 
may not be apparent for at least another decade, when 
these children reach reproductive age. Early indica- 
tions from familial case reports, however, clearly dem- 
onstrate the inheritability of | Y-chromosome 
microdeletions and impaired spermatogenesis, includ- 
ing a family in which four sons were either severely 
oligozoospermic or azoospermic and shared a DAZ 
deletion (49). The father was azoospermic at the time 
of analysis but demonstrated previous fertility. 
Interestingly, fathers of infertile men with microdele- 
tions have been found to have the same deletions as 
their sons, while other microdeletions appear to arise 
de novo (31,32). 

Y-chromosome microdeletion testing is performed 
using PCR. The three key steps to PCR are (i) denatur- 
ation, which results in separation of the double-stranded 
DNA, (i) annealing of primers (short sequences of 
DNA specific to the boundaries of the region to be ana- 
lyzed) to the target DNA, and (iii) extension with a Taq 
polymerase to synthesize sequences complementary to 
the original DNA. The PCR products are separated by 
electrophoresis and visualized with gel electrophoresis. 
Modifications including nested PCR, multiplex PCR, 
fluorescent PCR, and quantitative PCR can further 
enhance the accuracy and yield of PCR. This testing is 
available at many major universities as well as commer- 
cially (e.g., Promega’s Y detection kit; Promega, 
Madison, Wisconsin, U.S.A.). 

The number of sequence-tagged sites (STSs) 
examined is variable. Pryor et al. have suggested that 
20 to 30 STSs are sufficient to provide adequate sensi- 
tivity and specificity (31). According to the European 
Academy of Andrology’s recommendations, multiplex 
PCR should be used in two steps (50). First, two STS 
loci in each AZF subregion are tested, allowing for 


above 90% detection of an AZF deletion. Second, if a 
deletion is detected, specific primer sets that can deter- 
mine the extent of the deletion are used. 


O CHROMOSOMAL ABNORMALITIES 


Karyotype analysis can uncover numerical or structural 
chromosomal disorders such as Klinefelter’s syndrome 
(classic 47,XXY; 1 in 500 live male births), mixed gonadal 
dysgenesis, and XYY (1 in 1000 live births) syndromes. 
Breakage and rearrangement of chromosomes can lead 
to abnormalities such as translocations (reciprocal, bal- 
anced, and Robertsonian), ring chromosome formation, 
and pericentric inversions. Identification is important 
because with the advent of ICSI, patients with mosaic 
(51,52) or nonmosaic patterns (53,54) may be able to 
have sperm harvested from testis biopsies and be able 
to initiate a pregnancy with resultant genetically normal 
embryos (55). However, failure to identify these chro- 
mosomal disorders prior to fertilization may have 
potential genetic consequences on the offspring. 

The incidence of these abnormalities in infertile 
men ranges between 2.2% and 14.3%, and is markedly 
increased above baseline population levels (Table 2) 
(56,57). Therefore, it is recommended that all men with 
severe male-factor infertility have this cytogenetic 
analysis performed. In a study of 261 couples with 
male-factor infertility, abnormal karyotypes were 
found in 4.2% of the men and 1.2% of the women (58). 
Meschede et al. found a 2.1% chromosomal abnormal- 
ity rate in men in a large, prospective series from 
Germany (57). Similarly, Pandiyan reported that 3.6% 
of 1201 men with abnormal semen analyses had either 
autosomal or sex chromosomal aberrations (59). Gekas 
et al. identified an abnormal karyotype in 6.1% of 2196 
men participating in their French ICSI program (60). 
The most common abnormality was a numerical sex 
chromosome aberration (3.3%), followed by reciprocal 
translocations (1.2%), Robertsonian translocations 
(0.8%), and inversions (0.1%). The specific numerical 
chromosomal errors were 47,XXY (2.2%), 47,XYY 


Table 2 Abnormal Karyotype Rates in Men with 
Spermatogenic Failure Undergoing ICSI 


Men Abnormal 
Series screened karyotype rate (%) 
Baschat (1996) 32 6.2 
Peschka (1996) 200 3.0 
Testart (1996) 261 4.2 
Pandiyan (1996) 1,201 3.6 
Yoshida (1997) 1,007 6.2 
van der Ven (1997) 158 3.8 
Mau (1997) 150 12.0 
Meschede (1998) 432 2.1 
Scholtes (1998) 1,140 4.5 
Tuerlings (1998) 1,792 4.0 
Le Bourhis (2000) 181 10.0 
Gekas (2001) 2,196 6.1 


Abbreviation: ICSI, intracytoplasmic sperm injection. 


(0.3%), and mosaicism for numerical sex chromosome 
anomalies (0.8%). Men with spermatogenic failure 
and azoospermia had a much higher incidence of 
chromosomal abnormalities (6.3%) compared to men 
with oligozoospermia (2.8%) and normal sperm 
density (2.2%). 

Klinefelter’s syndrome (47, XXY) is relatively 
common, with an incidence of 1 in 500 live male births 
(Fig. 3). The mosaic form (46, XY /47, XXY) is present in 
10% of Klinefelter’s men. The extra X chromosome 
may be of maternal or paternal origin. Although men 
with Klinefelter’s syndrome are classically described 
as having tall stature, gynecomastia, feminine hair dis- 
tribution, and small testes, many of these somatic man- 
ifestations are absent. In a Japanese series of 148 
Klinefelter’s patients with sterility, small testes were 
observed in 95% of the patients and gynecomastia was 
seen in 12.4% (62). Half of the patients showed hyper- 
gonadotropic hypogonadism, while others showed 
normogonadism. There is a wide phenotypic appear- 
ance of men with Klinefelter’s syndrome. Men with 
mosaic and nonmosaic Klinefelter’s syndrome may 
have sperm within the seminiferous tubules. The char- 
acteristic finding on testis biopsy is seminiferous tubule 
hyalinization with Leydig cell hyperplasia. 
Preimplantation genetic diagnostic testing, chorionic 
villus sampling (CVS), or amniocentesis should be 
offered to couples prior to ICSI, although many cou- 
ples may decline testing. 

The XYY male syndrome occurs in about 1 in 
1000 live births (63,64). Most men are phenotypically 
normal with a predisposition to greater than normal 
height, decreased intelligence, and increased incidence 
of leukemia. Numerous mosaic patterns may be 
present. Other less common, whole chromosomal 
abnormalities include the 46, XX male, which occurs in 
1 in 20,000 live male births, and mixed gonadal 
dysgenesis. Mixed gonadal dysgenesis (46, XY or 45, 
X/46, XY) results in a phenotypic male or female with 
a unilateral testis and contralateral streak gonad. Both 
conditions result in azoospermia. 
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Figure 3 47, XXY karyotype analysis in an azoospermic male 
with Klinefelters syndrome. The arrow indicates an extra X 
chromosome. 
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Translocations involve the exchange of segments 
of two different chromosomes without loss of genetic 
material. This exchange usually occurs during meiosis 
I and has been associated with male infertility by inter- 
rupting genes involved in spermatogenesis or various 
processes associated with gonadal differentiation, 
sperm structure, and androgen biosynthesis or action. 
The presence of Robertsonian translocations appears 
to cause fewer abnormal embryos and a higher rate of 
implantation than reciprocal translocations (65). A 
high percentage (87%) of embryos may be chromosom- 
ally abnormal, however, when parental Robertsonian 
translocations are present (66). Preimplantation genetic 
diagnosis substantially increases the couple’s chances 
of sustaining a pregnancy to full term with chromo- 
somally normal children when translocations are 
present (67,68). 

Chromosomal abnormalities detected in the 
offspring of male-factor couples undergoing ICSI 
may be inherited or may arise de novo in a nonfamil- 
ial fashion. In't Veld et al. raised concerns when they 
reported four (27%) cytogenetic abnormalities in 15 
pregnancies initiated by ICSI (69); however, these 
results may have been biased because of the advanced 
maternal age and the series being quite small. Wisanto 
et al., in contrast, studied a younger population and 
identified only six (1%) chromosomal abnormalities 
using CVS or amniocentesis from 585 prenatal diag- 
noses (70). Karyotype abnormalities may be inherited 
maternally or paternally. Bonduelle et al. determined 
fetal karyotypes in 1082 cases using prenatal diagno- 
sis and identified 28 (2.6%) abnormalities (71). Testing 
of the parents indicated that 10 cases were inherited; 
nine (including eight balanced structural aberrations 
and one unbalanced trisomy 21) were transmitted 
from the father. 

Karyotyping is indicative of gross chromosomal 
rearrangements and is easily assessed from a periph- 
eral blood smear. Cells are cultured and arrested at the 
metaphase stage of meiosis to reveal the characteristic 
banding associated with each chromosome. 


O SYNDROMES AND UNCOMMON 
CONDITIONS 


Numerous syndromes of uncommon occurrence may 
result in abnormal spermatogenesis. These conditions 
should be considered in terms of their principal level 
of action on sperm production and function: (i) hypo- 
thalamic—pituitary—gonadal axis (HPG), (ii) androgen 
biosynthesis/action, and (ii) sperm function. 
Kallmann’s syndrome is an example of an HPG disor- 
der resulting in an isolated defect of gonadotropin- 
releasing hormone (GnRH) from the hypothalamus. 
This syndrome is due to a deletion of the KALIG-1 
gene, located on Xp22.3, which is responsible for 
encoding a protein necessary for olfactory and GnRH 
axonal migration from the olfactory placode to the 
septal-preoptic nuclei (72). Clinical features include 


306 Kim 


delayed onset of puberty, prepubertal size testes, and 
anosmia. HCG therapy combined with FSH may be 
used to stimulate sperm production. Other uncommon 
syndromes with a genetic basis affecting the HPG axis 
include abnormalities of the LH and FSH receptors, 
Prader-Willi syndrome (mutation/deletion in the 
paternal 15q11—q13), and cerebellar ataxia. 

Syndromes that affect androgen production or 
action include defects in androgen biosynthesis, 5a- 
reductase deficiency, androgen-insensitivity syn- 
drome, and Kennedy’s disease. Milder forms of 
congenital adrenal hyperplasia can result in impaired 
testosterone production in otherwise healthy men but 
are extremely uncommon causes of male infertility. 
These errors of testosterone biosynthesis are presumed 
to be inherited in autosomal recessive or X-linked 
recessive fashion. 5a-reductase deficiency is inherited 
in autosomal recessive fashion and presents with 
incompletely virilized external genitalia. The intracel- 
lular conversion of testosterone to dihydrotestosterone 
is impaired by mutations in the gene for isoenzyme 2 
(SRD5A2), mapped to 2p23, of 5a-reductase. The testes 
are typically cryptorchid or found in the labia. Although 
spermatogenesis is reduced, the major cause of reduced 
fertility is the inability to achieve vaginal penetration 
because of the markedly abnormal external genitalia. 

Androgen-insensitivity syndromes include tes- 
ticular feminization, Lub’s syndrome, Reifenstein’s 
syndrome, and Rosewater’s syndrome. These syn- 
dromes all involve defects in the androgen receptor 
(AR), likely secondary to an AR gene defect. The AR 
gene is 90 kb in length, maps to Xq11-12, and consists 
of eight exons. An area of active research is the CAG 
repeat length in exon 1 in phenotypically normal men 
with idiopathic azoospermia (73,74). The CAG repeat 
length is shorter in normal men (21-24) than in men 
with spermatogenic failure (23,24,27-29), suggesting 
that this CAG trinucleotide expansion may be etiologic 
in some of these men (75-77). Other investigators, 
however, believe that differences in CAG repeat length 
are ethnically based and not causative of impaired 
spermatogenesis (78,79). Kennedy’s disease, also 
known as spinal and bulbar muscular atrophy, is char- 
acterized by an amplification of CAG repeats in exon 1 
of the transcriptional activation domain of the AR gene. 
This X-linked recessive disorder results in subtle 
androgen insensitivity manifest by gynecomastia and 
testicular atrophy. Although these men may be fertile 
early in life, oligozoospermia and azoospermia often 
result with age and disease progression, characterized 
by muscle weakness in the proximal spinal and bulbar 
muscles. Reifenstein’s syndrome represents a form of 
partial androgen insensitivity. These men have 
impaired spermatogenesis, inadequate ductal mor- 
phogenesis, and incomplete external virilization. 

Primary ciliary dyskinesia describes a number of 
syndromes that directly affect sperm function. The best 
known of these disorders is Kartagener’s syndrome, 
characterized by immotile sperm as a result of a defect 
in the ultrastructure of the axoneme. Inherited in a 


predominantly autosomal recessive fashion, Karta- 
gener’s syndrome also is marked by chronic sinusitis, 
bronchiectasis, and situs inversus. Usher’s syndrome 
is similar, but additionally features retinitis pigmen- 
tosa and deafness. 

Finally, a number of syndromes with a probable 
genetic cause may cause male infertility as a result of 
variable effects on the reproductive tracts. These syn- 
dromes include prune belly syndrome, Noonan’s syn- 
drome, bladder exstrophy/epispadias, myotonic 
dystrophy, myelodysplasia, and B-thalassemia (80). 


O CONCERNS AND FUTURE DIRECTIONS 
Consequences of Abnormal Testing 
A Couple’s Decision 


Although genetic testing for men with azoospermia or 
severe oligozoospermia is advisable prior to ICSI, a 
couple may choose to decline evaluation, but it should 
be ensured that adequate genetic counseling has been 
provided. The effect of abnormal testing is influenced 
by the specific genetic abnormality and the attendant 
consequences. Further availability and refinement of 
technique of preimplantation genetic diagnostic test- 
ing in the future may influence a couple’s decision to 
proceed with ICSI if a genetic abnormality is present. 

The decision to proceed with ICSI when an AZFc 
microdeletion was present was unchanged in 79% of 
couples in a European series (81). Ina Taiwanese series 
of 11 couples with Y-chromosome microdeletions, 
three (27%) thought microdeletion was a serious defect 
and opted against ICSI, while five (45%) chose ICSI as 
their treatment choice (82). The couples who pro- 
ceeded with ICSI were likely influenced by the fact 
that the only known consequence of an AZFc micro- 
deletion to date is spermatogenic failure, rather than a 
life-threatening or chronic illness. In contrast, when 
both parents are carriers of a CFTR gene mutation, 
cystic fibrosis may be the result in one in four offspring. 
With this significantly more serious known conse- 
quence, couples may be inclined to pursue preimplan- 
tation genetic diagnostic testing or the use of donor 
sperm. Even when chromosomal abnormalities are 
present and genetic counseling is provided, many 
couples choose to proceed with ICSI as evidenced in a 
Dutch series in which 42/75 couples (56%) proceeded 
with the ICSI (83). 


Unknown Consequences of Abnormal 
Genetic Testing 


Although ICSI represents one of the most significant 
advances in the treatment of the subfertile male, sig- 
nificant concerns exist regarding the potential for 
transmission of abnormal genes to the offspring 
because many of the natural barriers to conception 
have been bypassed. Although these abnormal genes 
may result in similar types of infertility problems in 
the offspring (as in the father), an unanswered ques- 
tion is whether these genes may result in other disease 


states or systemic problems (84). Thus far, no untow- 
ard effects have been observed (85). The true effect of 
ICSI on the offspring, however, cannot be determined 
without long-term follow-up (86). 


Ethical Concerns 


From a practical standpoint, it is possible that lack of 
confidentiality or release of the results of testing may 
cause genetic discrimination, whether subtle or overt 
(87-90). For example, if the male offspring of an ICSI 
pregnancy is known to have a Y-chromosome micro- 
deletion or worse, his chances at establishing a mar- 
riage-type relationship with a significant other may 
be affected. Whether legally justified or not, patients 
with potential disease states may not wish for testing 
to be performed regardless of the genetic conse- 
quences for themselves or their offspring, fearing that 
obtaining health or life insurance would be jeopar- 
dized. Advances in computerized DNA chip technol- 
ogy for the rapid identification of DNA mutations 
will undoubtedly test these issues in the near future. 


Promising Candidate Genes for 
Future Testing 


All human cells contain 22 pairs of autosomes and one 
pair of sex chromosomes (XX-female, or XY-male) for a 
total of 23 pairs of chromosomes. Although most causes 
of poor sperm production are unknown, undoubtedly 
many genetic abnormalities will be identified on auto- 
somal chromosomes. Animal studies are identifying 
numerous potential candidate genes (91). An example 
of a possible candidate male infertility gene is DAZLA, 
anew member of the DAZ family of genes and located 
at 3p25 (92). Other candidate genes such as RBM 
(RBMY), DBY (dead box on the Y), and DFFRY 
(Drosophila fat-facet-related Y) have been proposed in 
addition to DAZ (93). 

The presence of human leukocyte antigen 
(HLA) class 1 may predispose men to idiopathic azo- 
ospermia (94,95). Miura et al. reported that the frequency 
of HLA-A33, B13, and B44 was significantly increased in 
Japanese men with idiopathic azoospermia compared 
to controls (94). Errors in genes responsible for DNA 
mismatch enzymes may also cause mutations in infer- 
tile men with meiotic arrest (96). For example, defects in 
the homologs of the DNA repair genes involved in 
hereditary nonpolyposis colon cancer lead to meiotic 
arrest in the testes of the offspring (97). Although many 
of the conceptions with defective DNA repair will likely 
result in a spontaneous abortion (98) with ICSI, it is pos- 
sible that viable offspring may be born. Defects in chro- 
matin packaging (99) and mitochondrial DNA (mtDNA) 
deletions (100) also have been correlated with either low 
fertilization rates or failure to achieve a pregnancy. 


Preimplantation Genetic Diagnosis 


Preimplantation genetic diagnosis (PGD) may be per- 
formed on IVF- or ICSI-derived embryos as a form of 
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prenatal diagnosis aimed at eliminating embryos car- 
rying serious genetic diseases before implantation 
(101-104). In PGD, a single cell is removed from an 
early eight-cell embryo (Fig. 4) and tested for various 
genetic disorders typically using fluorescence in-situ 
hybridization (FISH) or PCR. The most common tech- 
nique used to biopsy the embryo involves the use of 
acidic Tyrode’s drilling. FISH techniques allow the 
direct visualization of single genes and can be applied 
to single cells. The first clinical application of PGD was 
described in 1990 by Handyside, who amplified Y- 
chromosome-specific sequences using PCR to deter- 
mine the sex of embryos from couples at risk of X-linked 
diseases (105). PGD may be used clinically for the 
detection of disease states associated with male 
infertility, such as cystic fibrosis and numerical 
chromosomal abnormalities. PGD has also been used 
for detection of numerous other disease states includ- 
ing Duchenne’s muscular dystrophy, thalassemia, 
Huntington’s disease, Tay-Sachs disease, fragile X, and 
Marfan syndrome. 

The use of PGD in cases of severe male-factor 
infertility with additional adverse contributors such as 
advanced maternal age, repeated IVF failures, and 
altered peripheral blood karyotype was addressed by 
Gianaroli (106). In this series of 40 men and 28 normal 
controls, no increase in chromosomally abnormal 
embryos was detected. With regard to translocations, 
Pierce et al. demonstrated the beneficial use of PGD 
for the diagnosis of reciprocal translocations within 
the chromosomes 5 and 8 (107) for couples with 
Robertsonian translocations (66). 

In a recent report from the European Society 
for Human Reproduction and Embryology (ESHRE) 
PGD Consortium, successful embryo biopsy was 
achieved in 96% to 99% of cases (101). An interpreta- 
ble diagnosis was possible in 63% to 86% of embryos, 
and 36% to 43% of the embryos were diagnosed 
as suitable for transfer. Although diagnostic accuracy 
is excellent, a 4/116 (3.4%) fetal sac misdiagnosis 
rate was confirmed with the use of CVS and amnio- 
centesis. Technical advances such as multiplex PCR 
may help to decrease this misdiagnosis rate. Alto- 
gether, the ESRHE PGD Consortium has reported on 
241 births. 


Pre-implantation diagnosis 


Removal of a single cell 


Figure 4 Removal of a single cell from an 8-cell embryo for preim- 
plantation genetic diagnostic testing. Source: From Ref. 61. 
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FISH 


Most FISH studies on sperm aneuploidy in infertile 
men have shown an increased rate of aneuploidy and 
disjunctional errors. Especially when the sperm den- 
sity is below 5 x 10° sperm/mL, sperm disomy and 
diploidy rates may nearly double (108-112). Regarding 
sex chromosomes, reported frequencies of abnormali- 
ties range from 0.018% to 0.7% for XXY disomy, 0.009% 
to 0.6% for YY disomy, and 0.062% to 0.42% for CY 
disomy. The diploidy rates range from 0.06% to 0.97% 
(113,114). The variation in results is due to differences 
in selection criteria, differing FISH protocols, and 
variable scoring criteria. The use of multicolor FISH 
suggests that infertility patients had an increased risk 
of disomy for chromosome 1, 13, 21, and XY (115). 
These findings suggest that the offspring may have an 
increased risk of aneuploidy as a result. 

To date, the application of FISH in clinical male 
infertility for evaluation of sperm aneuploidy has been 
research focused rather than as a widely used clinical 
assay for decision making. FISH is used to detect aneu- 
ploidies and chromosomal rearrangements (116). This 
technique uses a fluorescently labeled probe that binds 
or hybridizes to a chromosomal target (117). The two 
critical steps are: (i) denaturation of the DNA probe 
and the metaphase chromosomes on a slide, enabling 
separation of the double-stranded DNA, and (i) 
hybridization of the probe to the chromosomal target. 
The fluorescent signal is observed by fluorescent 
microscopy. 

Aneuploidy rates are also increased in sper- 
matogenic cells in men with testicular failure. Using 
three-color FISH on testis biopsy tissue, Huang et al. 
found direct evidence of an increased aneuploidy 
rate in both mitotic and meiotic spermatogenic cells 
(118). The conclusion was that chromosomal instabil- 
ity may be the result of altered genetic control occur- 
ring during meiosis, mitosis, and spermatogonial 
proliferation. 
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Genetic Evaluation of the Offspring 


The first large-scale study of genetic abnormalities in 
offspring conceived through ICSI was by Palermo et al. 
(119). A total of 751 couples undergoing 987 ICSI cycles 
for male-factor infertility were studied and had an 
overall clinical pregnancy (fetal heartbeat) rate of 44.3% 
and a resultant delivery rate per ICSI cycle of 38.7% (n 
= 382). In 8 of 11 miscarriages for which cytogenetic 
data were available, one autosomal trisomy was found, 
and seven additional pregnancies were terminated 
because of a chromosomal abnormality after prenatal 
diagnosis. Of the 578 neonates resulting from treatment 
by ICSI, 15 (2.6%) presented with congenital abnormal- 
ities (nine major and six minor abnormalities). This fre- 
quency of malformations, however, was lower than 
that observed in offspring born after standard IVF at 
the same institution. This study concluded that the 
chromosomal abnormality rate was not higher in ICSI 
compared to IVF. The true effect of ICSI on the off- 
spring, however, cannot be determined without long- 
term follow-up. Similarly, several reviews and 
subsequent reports have concluded that ICSI does not 
appear to cause any significant increase in known 
genetics-based diseases or infertile males (120-122). 


XO CONCLUSION 


Although ICSI represents one of the most significant 
advances in the treatment of the subfertile male, con- 
cerns exist regarding the potential for transmission of 
abnormal genes to the offspring because many of the 
natural barriers to conception have been bypassed. 
Genetic abnormalities related to male infertility should 
be considered in terms of being (i) causative for male 
infertility and (i) potentially transmissible to the off- 
spring. This chapter reviews genetic alterations such as 
Y-chromosome microdeletion, Klinefelter’s syndrome, 
and CF gene mutations. 
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O INTRODUCTION 


Reproductive infertility, defined as the inability to 
conceive after one year of unprotected intercourse, 
affects 15% of couples in the United States (1). In up to 
50% of these cases, a male factor is responsible. Scrotal 
abnormalities resulting in the disordered production 
of normal sperm count represent almost half of all male 
infertility cases (2); other conditions that produce male 
infertility include congenital and developmental 
anomalies such as cryptorchidism, Klinefelter’s 
syndrome, and agenesis of the vas deferens, seminal 
vesicles, and ejaculatory ducts, as well as varicoceles, 
hypopituitarism, and other endocrinopathies. Distal 
duct obstruction (including cysts and stones of the vas 
deferens, seminal vesicles, and ejaculatory ducts), and 
inflammatory or infective conditions such as mumps 
orchitis, syphilis, and bacterial infections involving the 
testes, epididymis, vas deferens, seminal vesicles, ejac- 
ulatory ducts, and prostate are also possible causes for 
male infertility (3). 

Since the causes of male reproductive dysfunc- 
tion can be broadly categorized as being either 
correctable or noncorrectable, good clinical manage- 
ment depends on the accurate identification and 
diagnosis of the underlying disorder. Abnormalities 
that cause testicular failure and impaired spermato- 
genesis generally cannot be surgically corrected (with 
the notable exception of surgical varicocele repair), 
whereas obstructive processes involving the sperm 
transport system are more often curable (4,5). Therefore, 
a combination of thorough clinical evaluation and 
seminal analysis helps differentiate patients with 
irreversible defects from those with distal duct obstruc- 
tion that may be amenable to surgical or radiologic 
intervention. 

A complete physical examination of the patient 
should be performed after a thorough history and 
review of all prior laboratory testing, including semen 
analyses. Attention is then directed to the testes (size 


and consistency), vas deferens (palpability), epididymis 
(length and consistency), and the presence or absence 
of varicoceles. Repeated semen analyses, further endo- 
crine testing, and postejaculatory urine analysis are 
performed when appropriate to exclude retrograde 
ejaculation (5). Patients with clinically irreparable 
testicular failure or impaired spermatogenesis usually 
present with either azoospermia or oligospermia and 
normal ejaculate volumes (greater than 2 mL), as most 
ofthe ejaculate volume is elaborated by the unobstructed 
seminal vesicles. Therefore, patients with azoospermia 
(the total absence of sperm cells in the ejaculate) or 
severe oligospermia (less than 2.0 x 10° spermatozoa/ 
mL) who have low ejaculate volumes (less than 1 mL) 
in the absence of retrograde ejaculation should be 
investigated for distal duct abnormalities. These may 
include conditions such as agenesis or hypoplasia of 
the vas deferens, seminal vesicles, and ejaculatory 
ducts, distal ductal obliteration by fibrosis and calcifi- 
cation, and distal duct obstruction by calculi or cysts. 
Traditional evaluation of the distal male repro- 
ductive tract was limited until recently by an inability 
to visualize the distal portions of the vas deferens, 
seminal vesicles, ejaculatory ducts, and prostate 
directly and noninvasively (4-11). Clinical examination 
provides little or no anatomic information regarding 
the distal ductal system. Vasography, although effec- 
tive in delineating distal ductal structures, is invasive 
and may result in iatrogenic damage to the vas defer- 
ens (2-4). Technical improvement in equipment, such 
as the development of high-resolution small parts and 
endorectal transducers, as well as additional color 
Doppler and power Doppler capabilities, has enabled 
the radiologist to make a specific diagnosis and direct 
appropriate patient management. Noninvasive 
imaging modalities, including computerized tomo- 
graphy (CT), magnetic resonance imaging (MRI), 
and transrectal ultrasound (TRUS), are increasingly 
used to evaluate infertile male patients. TRUS is the 
most widely accepted of the cross-sectional imaging 


314 Kuligowska et al. 


Table 1 Imaging Recommendations for Male Infertility Conditions 


Condition 


Imaging modality 


Congenital abnormalities of the vas deferens or seminal vesicles 


Cryptorchidism 

Ejaculatory duct obstruction 
Low-volume azoospermia 

Prostatic and periurethral cysts 
Seminal vesicle and vas deferens cysts 
Testicular neoplasm 


Testicular pathology (epididymitis and orchitis, hydrocele, 
spermatocele, testicular atrophy, testicular microlithiasis, 


torsion ischemia, trauma, varicocele) 


TRUS, MRI@ 

Pelvic ultrasound, CT, MRI? 

TRUS (sagittal views), MRI@ 

TRUS 

TRUS, ultrasound-guided needle aspiration 
TRUS 

Ultrasound (Doppler), MRI@ 

Ultrasound (Doppler) 


aRecommended only for more complex, problematic cases due to cost and limited availability. 
Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging; TRUS, transrectal ultrasound. 


techniques and has almost totally replaced vasography 
in many institutions (4-10). 

This chapter outlines the pathologic variants that 
may be seen in infertile men and highlights the 
contribution of new imaging technologies such as MRI, 
scrotal ultrasound, and TRUS in dictating appropriate 
patient management. Please refer to Table 1 for a con- 
cise summary of imaging modality recommendations 
organized by clinical condition. 


O0 RADIOGRAPHIC EVALUATION OF 
MALE INFERTILITY 

Overview of Imaging Modalities 

Ultrasound 


Modern ultrasound equipment uses the pulsed-echo 
technique, converting electrical impulses into intermit- 
tent waves of sound that are transmitted into live 
tissue. These waves are then absorbed or reflected in 
varying degrees depending on the density of the tissues 
with which they interact. Reflected sound waves are 
received by the transducer and translated back into 
electrical impulses. The ultrasound machine analyzes 
the intervals between sound transmission and recep- 
tion and subsequently displays the information as an 
image composed of different shades of gray. Very dense 
tissues produce more reflections of sound (“echoes”) 
that are depicted as a bright, or “hyperechoic” pattern. 
Fluid- containing tissues reflect fewer sound waves, 
yielding a relatively dark, or “anechoic” pattern (12). 
Most medical applications employ ultrasound 
transducers with frequencies between 2 and 15 MHz. 
At the expense of diminished depth of penetration, 
greater spatial resolution can be obtained with higher 
frequency transducers. This property makes high- 
resolution ultrasound equipment particularly well 
suited for imaging superficial structures such as joints, 
the thyroid gland, or the scrotum; the latter organ is 
usually scanned with a 7 to 10 MHz transducer (10). 
Additional functional information can be obtained 
through the use of color Doppler and power Doppler 
imaging. These modalities detect the direction and rela- 
tive velocity of flowing blood as the result of the apparent 
sound wave frequency shift that occurs when blood 


flows past a stationary transducer. Blood predominantly 
moving away from the transducer shifts the transmitted 
sound wave to a lower frequency, while blood moving 
toward the transducer shifts the transmitted sound wave 
to a higher frequency. The magnitude of the frequency 
shift is determined by the velocity of blood flow. Color 
Doppler superimposes this information on the gray- 
scale image, typically illustrating blood moving either 
toward or away from the transducer in the colors red 
and blue, respectively, with lighter shades indicating 
higher velocities. Power Doppler imaging offers the 
additional advantage of greater slow-flow sensitivity, as 
well as being nondirectionally dependent (12,13). 


Scrotal Ultrasound 


For ultrasound examination of the testes, the patient is 
positioned supine on the examining table, with the 
penis retracted onto the abdomen and the scrotum 
supported on a towel. Adequate amounts of gel and 
avoidance of air bubbles are important to ensure mini- 
mization of artifacts. Selection of the correct transducer, 
gain, and Doppler scale settings are critical and is best 
established on the normal or asymptomatic testis first. 


Transrectal Ultrasound 


TRUS should be performed using a dedicated high- 
frequency endorectal transducer (5-9 MHz). Patients 
are examined in the left lateral decubitus position with 
the transducer placed in the rectum. The terminal vas 
deferens, seminal vesicles, ejaculatory ducts, and 
prostate are examined in a systematic manner in both 
axial and sagittal planes, with measurements recorded 
in two dimensions. Careful consideration of the dimen- 
sions of the distal ductal structures as well as the 
internal architecture and echotexture of the vas deferens 
and seminal vesicles is necessary. Additional attention 
should be given to the kidneys in order to detect 
potential associated renal anomalies (4,5,14,15). 


Magnetic Resonance Imaging 


The advantages of the lack of ionizing radiation and 
increased anatomic detail offered by MRI make this 
modality an attractive choice for imaging of the male 


reproductive tract. For example, visualization of unde- 
scended or ectopic testes is often possible in cases of 
cryptorchidism, and the vas deferens and seminal 
vesicles can be assessed easily for evidence of obstruc- 
tion, structural abnormality, or inflammation, as well. 
The general recommendation is to use T1- and 
T2-weighted images for optimal tissue contrast, detec- 
tion of hemorrhage, and differentiation of fluid collec- 
tions. Recently, fast-spin echo techniques have been 
substituted for conventional scans due to the signifi- 
cant reduction in scanning time (16). 

Within the scrotum, MRI is also useful in identi- 
fying both malignant and benign processes. Testicular 
tumors appear as well-defined areas of low signal on 
T2-weighted images, demarcated from the high-signal 
background of testicular parenchyma. Tumor invasion 
may be seen as disruption of the dark line of the tunica 
albuginea. Accurate demonstration of abdominal and 
pelvic lymphadenopathy allows for reliable staging. 
MRI may assist in distinguishing seminomas from 
nonseminomatous tumors, the latter of which are more 
heterogeneous on both T1- and T2-weighted images, 
due to the greater amount of hemorrhage and necrosis 
present in these tumors. This heterogeneity corre- 
sponds well with the mixed echogenicity similarly 
seen on ultrasound. Nonseminomatous tumors may 
also often demonstrate a well-defined, dark capsule. In 
contrast, seminomas are more homogeneous and nod- 
ular, hypodense relative to testicular parenchyma on 
T2-weighting, and lack a well-defined capsule (17). 
It should be noted, however, that the only definitive 
method of differentiating these tumors remains surgi- 
cal pathology, and sometimes the presence of tumor 
markers. 

Epididymal cysts appear on MRI as well-defined 
extratesticular fluid collections, low signal on T1-weigh- 
ted images, and high signal on T2-weighted images. 
Conversely, spermatoceles contain more debris and 
sediment than epididymal cysts and thus provide 
more heterogeneous signal intensities (17). 

Typical congenital and obstructive abnormalities 
of the seminal vesicles, vas deferens, ejaculatory ducts, 
and prostate are best approached with TRUS, and MRI 
should be reserved for more problematic cases. Cysts 
in the seminal vesicle, vas deferens, ejaculatory ducts, 
and prostate can be clearly depicted on T1- and 
T2-weighted images, except when hemorrhage coex- 
ists. MRI using dedicated endorectal coils is effective 
in demonstrating the distal male reproductive system 
but its use is unfortunately limited by cost and avail- 
ability. CT provides only limited visualization of the 
distal ducts and is rarely indicated. 


O EMBRYOLOGIC CONSIDERATIONS 


Because the Wolffian duct ultimately gives rise to the 
renal collecting system, ureter, bladder trigone, vas 
deferens, seminal vesicles, ejaculatory ducts, epididy- 
mis, paradidymis, and appendix epididymis, complex 
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associations of congenital anomalies of the distal male 
reproductive tract and urinary tract can often be 
explained by their common embryological origin. The 
nature and severity of such anomalies are related to 
the stage at which developmental arrest or insult 
occurs in utero (11,18,19). Similarly, irregular closure 
of the processus vaginalis may result in the formation 
of testicular or spermatic cord hydroceles (12,13,20). 


O ANATOMIC IMAGING OF THE NORMAL 
MALE REPRODUCTIVE TRACT 
Testis 


On ultrasound examination, the scrotal wall appears 
as a single layer with maximal thickness of 8 mm. 
There is a midline septum bisecting the scrotal cavity, 
and a thin layer of fluid (1-2 mL in volume) lines the 
serosal sac. The testes are symmetric in shape and size, 
with each adult testis measuring approximately 4 cm 
in length, 3 cm in width, and 2.5 cm in anterior- 
posterior diameter; all of these parameters decrease 
slightly with age. The testes are homogeneous in 
echotexture, with intermediate echogenicity. The medi- 
astinum, however, appears as a thick, brightly echo- 
genic line extending longitudinally through the testis 
(Fig. 1A and B). The epididymis demonstrates less 
homogeneity and slightly increased echogenicity 
compared to the testis and can be found parallel and 
posterior to the linear mediastinum. The head is located 
immediately posterior to the superior pole of the testis 
and measures approximately 7 mm in diameter, while 
the tapering body is 1 to 2 mm in width (12,21). 

Doppler waveforms of the normal intratesticular 
arteries contain wide systolic peaks with relatively 
high diastolic flow, due to the low vascular resistance 
within the testis (22). 


Vas Deferens 


The vas deferens are paired tubular structures that 
pass from the scrotum into the pelvis through the 
inguinal canal. At the internal ring, they curve laterally 
and then pass medially and downward into the pelvis 
toward the base of the bladder. On axial TRUS imaging, 
the distal portion of each vas deferens is seen passing 
posteromedial to the ipsilateral seminal vesicle and 
has a mean diameter of 3 to 5 mm. The tortuous and 
dilated terminal of each vas is known as the ampulla, 
which has an external diameter of approximately 5 to 8 
mm (Figs. 2A, 2B, and 3) (4-10). 


Seminal Vesicles 


The normal seminal vesicles are paired, saccular, elon- 
gated organs lying above the prostate and posterior to 
the bladder. Normal seminal vesicles are hypoechoic 
relative to the prostate, with multiple fine internal 
echoes corresponding to the folds of the excretory 
epithelium. Laterally, the seminal vesicles diverge in 
the perivesical fat while medially, they converge to 
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Figure 1 Normal testis. (A) Transverse view of the normal testis 
demonstrates homogeneous intermediate echogenicity with smooth 
margins. (B) Sagittal view of the normal testis. 


join with the ampulla of the vas deferens to form the 
ejaculatory ducts, producing the typical “bow-tie” 
appearance on axial TRUS images (Figs. 2A and 2B). 

Seminal vesicles may vary in size, shape, and 
degree of distension. They are, however, usually sym- 
metric and measure no more than 5 to 10 cm in length 
and 2 to 5 cm in width with an estimated mean volume 
of approximately 15 mL. Caution is advised, however, 
in measuring seminal vesicle volume in only two 
dimensions as a seemingly small vesicle may extend a 
long way cephalad behind the bladder and thus have a 
normal volume (6). 


Ejaculatory Ducts 


The confluence of the vasal ampullae and seminal 
vesicles to form paired ejaculatory ducts is normally 
identified at the level of the prostatic capsule or just 
within the substance of the prostate. The intraprostatic 
course of each duct within a fibromuscular envelope is 
usually visible on TRUS and is identified as a fine, 
curvilinear, hypoechoic structure. The lumen of the 
ejaculatory duct should not exceed 2 mm in maximum 
width. On sagittal images, the course of each ejacula- 
tory duct can normally be traced down to a focal area 
of hyperechogenicity corresponding to the verumonta- 
num (Fig. 4). Small echogenic foci, representing 
concretions in the periurethral glands at the level of 
the verumontanum, provide a useful sonographic 
landmark for the junction of the ejaculatory ducts and 
the urethra (4-10). 

It is important to note that on TRUS, careful atten- 
tion should be given not only to the dimensions of the 
distal ductal structures but also to their echotexture 
and internal architecture. The normal vas deferens and 
seminal vesicles are hypoechoic relative to the normal 
prostate. If, however, the vas deferens or seminal vesi- 
cles should appear isoechoic or hyperechoic compared 
to the prostate, obliteration by fibrosis or calcification 
should be suspected. In the presence of diffuse fibrosis 
or calcification, the normal internal convolutions of 
the seminal vesicles and vas deferens corresponding 
to normal tubular epithelium are not identifiable 
on TRUS. 


Figure 2 Normal transrectal ultrasound anatomy. (A) Diagrammatic representation of the distal male reproductive system, axial plane. (B) 
Diagrammatic representation of the distal male reproductive system, sagittal plane. 


Figure 3 Normal transrectal ultrasound anatomy. Axial view dem- 
onstrates the distal vas deferens (curved arrows) joining the seminal 
vesicles (straight black arrows) to form the ampullary portion of the 
vas deferens bilaterally (white arrows). 


O RADIOLOGIC DETECTION OF MALE 
REPRODUCTIVE PATHOLOGY 

Scrotal Abnormalities 
Congenital Abnormalities 
Cryptorchidism 
Thirty percent of premature infants and 3.4% of term 
infants are born with an undescended testis. Many of 
these, however, undergo spontaneous descent in 
infancy, and the overall incidence of cryptorchidism is 
thus reduced to approximately 0.8% by one year of life 
(23). This condition is slightly more common on the 
right, while roughly 10% are bilateral. Although surgi- 
cal correction with orchiopexy has been reportedly 
effective in preserving fertility if accomplished by age 
two, a history of cryptorchidism is generally associated 
with testicular atrophy and abnormal spermatogenesis 
in both testes, regardless of the timing of repair (24). 
Indeed, as many as 15% of instances of oligospermia 
may be secondary to failure of testicular descent. 
Although both endocrine and autoimmune mecha- 
nisms have been proposed, the likely etiology for 
cryptorchid-related infertility is the deleterious effect 
of the higher ambient body temperatures of nonscrotal 
locations on spermatogenesis within the seminiferous 
tubules (3). 

In addition to infertility issues, cryptorchid 
patients also maintain a four- to fivefold risk increase 


Figure 4 Normal transrectal ultrasound anatomy. The ejaculatory 
duct (arrow), sagittal view. 
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for germ cell tumors and other malignancies; increased 
incidence of tumor is seen in the contralateral, normally 
descended testis, as well. Therefore, surgical orchio- 
pexy is done primarily to allow examination of the 
testis. Malignant degeneration is more common in 
abdominal and ectopic testes than in other types of 
cryptorchidism. 

Uncorrected cryptorchid testes may be located 
anywhere along the path of descent and are often 
found in intra-abdominal, inguinal (also termed cana- 
licular or emergent testes), or high scrotal locations. 
The most common location is within the inguinal canal, 
and this type is visible on ultrasound 70% to 80% of the 
time. Approximately one-fourth of these are retractile 
testes that slide back and forth between the scrotum 
and the external inguinal ring. An undescended testis 
will appear on ultrasound as an atrophic, homoge- 
neously hypodense gonad with a relatively large epi- 
didymis (Fig. 5A). It should be noted that the presence 
of a linear, echogenic mediastinum is invaluable in dis- 
tinguishing an undescended testis from an inguinal 
lymph node or other object (3,17,23,24). 

When an undescended testis cannot be visualized 
in the inguinal canal by ultrasound, intra-abdominal 
cryptorchidism should be suspected. Intra-abdominal 
testes are typically located adjacent to the iliopsoas 
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Figure 5 Cryptorchidism. (A) Small, atrophic testis with heteroge- 
nous echotexture, located in the right groin. (B) Coronal T2-weighted 
magnetic resonance imaging of bilateral cryptorchidism. Right 
inguinal testis (T) and left inguinal testis with germ cell tumor (Tm) 
are clearly shown outside the scrotal sac. 
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muscle above the internal inguinal ring, but they may 
be retroperitoneal or even ectopically placed in the 
perineum, anterior abdominal wall, thigh, or penis. Both 
CT and MRI are often quite sensitive in detecting this 
type of cryptorchidism, as gonadal tissue is typically 
intermediate signal on T1-weighted MR images and 
high signal on T2-weighted sequences (Fig. 5B) (17). 

Cryptorchidism is sometimes associated with 
genetic disorders such as Prader-Willi, Klinefelter, and 
Noonan syndromes. Anorchia, or complete absence of 
a testis, is a very rare condition that is the result of 
either failed embryonic development or atresia follow- 
ing a gestational insult. Anorchia is frequently accom- 
panied by decreased fertility. When bilateral, anorchia 
is usually part of a collection of phenotypic and endo- 
crinologic abnormalities comprising a familial syn- 
drome. Differentiation of anorchia from bilateral 
cryptorchidism can be made via the radiologic absence 
of identifiable gonadal tissue on ultrasound, CT, or 
MRI, and medical confirmation may be obtained by 
documenting high baseline gonadotropin levels and a 
lack of testosterone response to exogenous human 
chorionic gonadotropin (17,25). 


Testicular Microlithiasis 

An uncommon but potentially significant finding on 
scrotal sonography is testicular microlithiasis. This is 
seen as multiple hyperechoic foci within the testis 
ranging in size from 0.3 to 3 mm and does not cause 
the shadowing associated with larger calculi such as 
gallstones or nephrolithiasis. Microlithiasis is usually 
diffusely distributed, with five or more foci visible per 
field of view, and is almost always bilateral (Fig. 6). 
Prevalence varies from 0.05% in autopsy specimens to 
an estimated 0.7% in patients referred for scrotal ultra- 
sound. On gross pathologic examination, the micro- 
liths correspond to calcified sediment and lamellated 
collagen fibers within atrophic seminiferous tubules. 
These are likely markers of a prior insult to the affected 
testis and not specific for an individual disease process, 
butstrongassociationswithsubfertility, cryptorchidism, 


Figure 6 Testicular microlithiasis. Numerous nonshadowing, 
hyperechoic foci are diffusely distributed throughout the testicular 
parenchyma. 


Klinefelter’s syndrome, pseudohermaphroditism, 
Down’s syndrome, and pulmonary alveolar microli- 
thiasis have been documented. Most importantly, a 
link has been established between testicular microli- 
thiasis and testicular malignancies, particularly among 
pediatric and young adult patients. Follow-up surveil- 
lance with annual sonography and testicular self- 
examination is therefore recommended for men in 
whom testicular microlithiasis is identified (3,26). 


Acquired Abnormalities 

Torsion and Ischemia 

Testicular ischemia may be caused by severe epididy- 
mitis, embolic endocarditis, trauma, or vasculitis, but 
in the absence of epididymo-orchitis, the acute onset of 
scrotal pain is most frequently the result of testicular 
torsion (12). Since the chances of salvaging a torsed 
testis are greatly increased by performing surgery 
within four hours of the onset of pain, prompt and 
accurate diagnosis is essential. Recent improvements 
in color Doppler imaging have made reliable ultrasono- 
graphic identification of torsion possible, supplanting 
scintigraphy as the diagnostic modality of choice. 

There is an increased risk of torsion with the 
“bell-clapper” deformity of the tunica vaginalis, in 
which a narrowed attachment of the tunica to the 
posterior testis results in a mobile stalk, allowing the 
testis to rotate. This condition is most commonly 
observed during adolescence, but it may also occur in 
children and adults. The bell-clapper deformity is often 
bilateral, so that patients with torsion of one testis are 
at higher risk for future torsion of the contralateral 
testis (21). Occult torsion or inability to salvage an 
infarcted testis leads to testicular atrophy, decreased 
sperm production, and subfertility, while bilateral testi- 
cular infarction results in sterility. Some reports indi- 
cate that testicular volume and sperm counts remain 
reduced even if surgical detorsion is accomplished 
within a few hours (13). 

Ultrasound demonstrates decreased orcompletely 
absent blood flow within the affected testis, which 
must be compared with the presumably normal, 
opposite side to ensure proper gain settings. A hetero- 
geneous mass may be visible superior or lateral to the 
testis, corresponding to the twisted vascular pedicle. 
With time, the ischemic testis becomes hypoechoic and 
enlarged with edema and then progressively more 
heterogeneous as coalescent cystic fluid collections 
and atrophy develop. These findings are easily distin- 
guished from the hyperemia associated with acute 
inflammatory conditions, allowing reliable triage of 
those patients requiring urgent surgical exploration. 
(For further information on this topic, please refer to 
Chapter 13.) 


Epididymitis and Orchitis 

Epididymitis is responsible for more than half of all 
cases of scrotal inflammation. Neisseria gonorrhea and 
Chlamydia trachomatis are the primary causative agents 
among sexually active males, while gram-negative 


organisms from the urinary tract are more common 
among male children and the elderly. On ultrasound, 
the affected epididymis will be enlarged with diffusely 
decreased echogenicity, and Doppler images will con- 
firm an increase in the number and size of epididymal 
blood vessels, as well as the increase in blood flow 
within them (Fig. 7A and B). Scrotal wall thickening 
and a reactive hydrocele are common associated find- 
ings in the acute setting, while calcifications may be 
present with chronic epididymitis (12). 

Isolated inflammation of the testis is far less 
common than epididymitis or epididymo-orchitis and 


Figure 7 Epididymitis. (A) Sagittal view of the epididymis shows 
diffuse enlargement and heterogeneity. (B) Sagittal view of the epidi- 
dymis with dramatically increased blood flow on Doppler analysis. 
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is usually secondary to viral infection such as mumps or 
influenza. Other causes include infection by fungal, 
parasitic, or bacterial agents (including tuberculosis), as 
well as inflammation as the result of direct trauma to the 
testis. Most patients with orchitis experience significant 
discomfort, but occasionally, asymptomatic individuals 
may be encountered. Ultrasound shows dramatically 
increased blood flow and diffuse hypoechogenicity. 
Diffuse enlargement of the testis is also often seen with 
mumps and tuberculosis. Involvement may be focally 
limited, however, especially ifitis the result of contiguous 
spread from epididymitis or a urinary tract infection 
(Fig. 8A-D) (13,21,23). 

Untreated infection within the epididymis or 
testis can progress to an intrascrotal abscess that 
appears sonographically as a relatively avascular mass 
with increased blood flow at the periphery. Although 
such abscesses are typically located within the epidid- 
ymis or testis, it is not uncommon for rupture to occur 
into the surrounding tissues, possibly even involving 
the scrotal wall itself (13). Prolonged inflammation 
may result in scarring, with resultant deleterious 
effects upon testicular function and ductal obstruction, 
as well as the accompanying impairment of fertility. 


Neoplasm 

Testicular tumors are common among men in the same 
age group as those that present with infertility. They 
may cause alterations in endocrine function and 
decreased spermatogenesis, and they may also be dis- 
covered incidentally during the evaluation for infer- 
tility. Most appear on ultrasound as well-defined 
intratesticular masses that are often hypoechoic with 
increased blood flow on color Doppler. The radiologic 
detection of a primary testicular neoplasm should also 
provoke suspicion for the presence of a small attendant 
hydrocele, as the two lesions frequently accompany 
one another. (For further information on hydroceles, 
see “Hydrocele” below.) 

The most common primary testicular neoplasms— 
accounting for 95%—are of germ cell origin such as 
seminoma (50%), embryonal cell carcinoma, teratoma, 
choriocarcinomas, and mixed types. Seminomas exhibit 
less-aggressive behavior and are radiosensitive; they 
appear as homogenous, hypoechoic masses that tend to 
displace adjacent normal testicular parenchyma with- 
out invasion. Nonseminomatous germ cell tumors tend 
to be more heterogeneous, with areas of calcification, 
cysts, and irregular margins corresponding to areas of 
necrosis and hemorrhage (12,21). 

Nongerm cell tumors are much less frequent in 
young males and include Leydig cell and Sertoli cell 
tumors, epidermoids, dermoids, leukemias, lympho- 
mas, and metastases. Both lymphoma and metastases 
(especially renal cell and prostate carcinoma) are more 
common than germ cell tumors in men over age 50; 
they will appear as diffusely enlarged testes with 
decreased echogenicity, without the well-defined 
margins of other neoplasms. Benign stromal tumors of 
Leydig and Sertoli cell origin are indistinguishable in 
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sonographic appearance from other testicular tumors 
but are more likely to cause hormonal derangements 
and consequent altered spermatogenesis (3,12). 

Unfortunately, currently available therapies for 
testicular neoplasm with surgery, radiation, and 
chemotherapeutics have all been linked to abnormal 
sperm counts, motility, morphology, and transport. 
Disruption of sympathetic nerves and ganglia during 
lymph node dissection may lead to impaired or retro- 
grade ejaculation. Although generally dose-dependent, 
azoospermia from radiation and chemotherapy can be 
permanent (23). 


Varicocele 

Of the surgically reversible scrotal abnormalities 
associated with infertility, the most prevalent is the 
varicocele. Although clinically present in 10% to 15% 
of all adult males, it is seen in 35% to 40% of men with 
infertility. If nonpalpable, “subclinical” varicoceles are 
included in this estimate, the prevalence rate among 
infertile men increases to 60% compared with 35% 
among the general male population (8). 

A varicocele is a dilatation of the pampiniform 
plexus of veins draining the testes, usually the result of 
incompetent venous valves that produce stasis or even 
retrograde flow. It is thought that venous stasis within 
the varicocele raises the temperature within the scro- 
tum to a level above that optimal for spermatogenesis 


Figure 8 Epididymo-orchitis: 95-year-old 
diabetic man with painful enlargement of the 
scrotum. (A) Transverse view showing 
edema of the scrotal wall and increased 
blood flow within both testes. (B) Sagittal 
section of the epididymal head showing 
enlargement and increased echogenicity. 
(C) Significantly increased vascularity within 
the epididymal head. (D) Transverse view of 
the right testis demonstrating abnormal hyp- 
oechoic area within posterior portion of 
testis, compatible with orchitis (arrows). 


(8,10). On physical examination, the engorged pampini- 
form plexus may be palpable as a “bag of worms.” 
A grading system proposed by Dubin and Amelar 
classifies clinical varicoceles as Grade 1 if palpable only 
during Valsalva, Grade 2 if palpable at rest, and Grade 
3 if visible to the naked eye. Varicoceles are usually 
left-sided but are bilateral in approximately 25%. 
A unilateral varicocele can impair both testes, causing 
bilateral atrophy, histologic changes, hormonal dys- 
function, and an abnormal semen analysis (23,24). 

Ultrasound clearly demonstrates palpable vari- 
coceles and is also able to detect nonpalpable, sub- 
clinical varicoceles with reliable sensitivity. Criteria 
for ultrasound diagnosis of varicoceles include either 
the detection of multiple grouped dilated veins in the 
wall of the scrotum with diameters greater than 2mm 
or the demonstration of a single dilated vein with a 
diameter greater than 3 mm, with augmentation of 
size during Valsalva (10). Color Doppler may facilitate 
more confident identification of smaller varicoceles 
by improving the distinction of dilated veins from 
other cystic structures within the scrotum (Fig. 9A 
and B) (13,24). 

Surgical ligation and varicocelectomy have been 
shown to improve seminal quality parameters in 
approximately half of all patients, regardless of the 
size of the varicocele (27). (For further information on 
varicoceles, please refer to Chapter 15.) 


(A) F 


(B) 


Figure 9 Varicocele: 32-year-old infertile male. (A) Transverse 
view of left hemiscrotum demonstrates dilated pampiniform plexus 
surrounding the left testis, compatible with varicocele. (B) (See color 
insert.) Color Doppler appearance of the dilated veins (gray-scale 
image). 


Testicular Atrophy 

Testicular atrophy of any cause, particularly when 
bilateral, can lead to decreased spermatogenesis and 
hormonal production. Atrophic testes appear on 
ultrasound as small and homogeneously hypoechoic, 
with decreased flow on Doppler analysis. Intrinsic 
abnormalities associated with testicular atrophy 
include myotonic dystrophy, trauma, infarction, and 
torsion, or genetic disorders such as Klinefelter’s or 
Kallmann’s syndromes (21). 


es 
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Hydrocele 

A hydrocele is an abnormal collection of serous fluid 
between the visceral and parietal layers of the tunica 
vaginalis. It usually presents with painless swelling of 
the scrotum and is most frequently idiopathic in origin; 
alternative causes include torsion, inflammation, and 
malignancy. Ultrasound reveals an accumulation of 
anechoic fluid around the testis without internal archi- 
tecture, often accompanied by concomitant scrotal wall 
calcification (Fig. 10A—C). The presence of septations 
or heterogeneity within the fluid collection is consis- 
tent with either hemorrhage (hematocele) or infection 
(pyocele). 

It should be noted that since most primary testic- 
ular neoplasms are accompanied by a small hydrocele, 
the identification of peritesticular fluid in an infertile 
patient should prompt a diligent search for a possible 
underlying malignancy (12). 


Spermatocele 

A spermatocele is a collection of small cysts within the 
head of the epididymis. Smaller collections, described 
simply as epididymal cysts, are epithelial-lined and 
contain debris, immobile sperm, and lipids. 
Spermatoceles are exceedingly common (up to 40% of 
normal men) and are almost always asymptomatic. 
They may vary greatly in size, from as small as 2 mm 
to larger than 4 cm, and are usually of no clinical 
significance; very large spermatoceles, however, may 
cause obstruction of the efferent ductules, replacement 
of the epididymal head, and production of a mass 
effect upon the testis (12). The presence of a large sper- 
matocele and epididymal head enlargement in an oli- 
gospermic or azoospermic male may warrant further 
investigation to exclude the possibility of epididymal 
obstruction (Fig. 11). 


Trauma 

Traumatic injury to the scrotum may result in hema- 
toma, hematocele, or testicular fracture. A fractured 
testis may demonstrate disrupted borders with extra- 
capsular protrusion of testicular parenchyma into the 
scrotal sac. Evacuation of this extruded parenchyma 
must be performed without delay to ensure future 


(C) 


= eee) 
Figure 10 Hydrocele in right testis. (A) Ultrasound shows abnormal anechoic fluid collection surrounding right testis. (B) Computed tomography 
scan demonstrating abnormal fluid collection within right hemiscrotum. (C) T2-weighted magnetic resonance imaging showing fluid between the pari- 
etal and visceral layers of the tunica vaginalis. 
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Figure 11 Spermatocele. Abnormal fluid collection with debris 
within the epididymal head. 


fertility, as it is thought that the extracapsular paren- 
chyma may incite an autoimmune response (13). 


Pathology of the Distal Ducts 
Vas Deferens 


Congenital abnormalities of the vas deferens are the 
most common finding seen on TRUS in males with 
azoospermia and low ejaculate volumes (4-10). 
Congenital aplasia of the vas deferens is reported in 
1% to 2.5% of most series of infertile men and accounts 
for 4.4% to 17% of cases of azoospermia. Agenesis of 
the vas deferens may be partial or complete, unilateral 
or bilateral, and associated with hypoplasia of the 
epididymis (Fig. 12A-C). The combination of low 


(A) (B) 


(c) 


ejaculate volume, azoospermia, normal testicular size 
and consistency, and a nonpalpable vas deferens on 
physical examination is diagnostic of agenesis. 

True vasal agenesis is always associated with an 
ipsilateral seminal vesicle anomaly, as the two struc- 
tures share a common embryological derivation from 
the Wolffian duct. Similarly, agenesis of the vas defer- 
ens is always associated with absence of the ipsilateral 
ejaculatory duct (4,5). A sonographically absent or 
atrophic seminal vesicle in a patient with no palpable 
ipsilateral vas deferens is conclusive evidence of vasal 
aplasia. In the extremely rare condition of vasal atrophy 
secondary to infection or obstruction, while the distal 
vas deferens and ampulla may not be seen on ultra- 
sound, the proximal vas deferens may still be palpable; 
there may also be a normal ipsilateral seminal vesicle 
identifiable on TRUS. 

The spectrum of TRUS findings in patients with 
vasal agenesis ranges from complete absence of the vas 
to persistence of a vestigial remnant, the latter of which 
may be identified as a diminutive, isoechoic or hypere- 
choic oval structure measuring less than 3 mm in 
diameter posterior to the bladder. On TRUS, vasal 
hypoplasia is recognized as a unilateral or bilateral 
reduction in size of the vas deferens (Fig. 13A and B). 
As clinical palpation of the vas deferens may be 
difficult, particularly when there is thickening of the 
spermatic cord, TRUS should be routinely performed 
when vasal agenesis is suspected (i.e., in all patients 
with low-volume azoospermia) to confirm or refute 
the clinical diagnosis as well as to detect other 
associated distal ductal anomalies. If a unilateral vasal 
agenesis or hypoplasia is indeed detected, a manda- 
tory search for a contralateral ductal abnormality is in 
order to account for infertility in patients with azo- 
ospermia and low ejaculate volumes (4,5). 


Figure 12 Absence and hypoplasia of the vas deferens. (A) Diagrammatic represen- 
tation of the distal ducts demonstrating ipsilateral absence of vas deferens and semi- 
nal vesicle. (B) Axial view showing complete bilateral absence of vas deferens (straight 
arrows) associated with bilateral rudimentary seminal vesicles (curved arrows). (C) 
Unilateral absence of vas deferens. Axial view shows absence of right vas deferens 
(straight white) and rudimentary right seminal vesicle (white arrow head). Normal left 
vas deferens (straight black arrow) and normal left seminal vesicle (curved black 
arrow). Source: From Ref. 15. 


(A) 


(B) 


Figure 13 Hypoplasia of vas deferens. (A) Sagittal view demon- 
strates small, narrow, and echogenic vas deferens. (B) Compare to 
the diameter of the normal vas deferens (cursors) in Fig. 17A. 


There are a number of interesting findings asso- 
ciated with vasal agenesis. For example, sonographic 
evaluation of the scrotum may also demonstrate 
hypoplasia of the distal two-thirds of the epididymis. 
In addition to seminal vesicle and ejaculatory abnor- 
malities, however, 16% to 43% of patients with uni- 
lateral vasal agenesis will harbor renal anomalies 
including renal agenesis, crossed fused ectopia or an 
ectopic pelvic kidney (more commonly on the left 
side), whereas patients with congenital bilateral 
absence of the vas deferens (CBAVD) generally do not 
exhibit renal agenesis (4,6-11,14-16,19,20,28). Further, 
vasal aplasia syndromes may also occur as part of the 
clinical spectrum of cystic fibrosis (28-33). Males with 
cystic fibrosis will present with bilateral vasal aplasia 
and recognizable cystic fibrosis gene mutations. 
Conversely, up to 82% of patients with CBAVD have 
at least one detectable cystic fibrosis gene mutation. 
Of patients with unilateral absence of the vas defer- 
ens, cystic fibrosis gene mutations are found only in 
patients with partial occlusion of the single-formed 
vas deferens. Yet, despite the presence of gene muta- 
tions, most patients with unilateral or even bilateral 
vasal agenesis do not demonstrate significant clinical 
symptoms of cystic fibrosis, and 75% have normal 
sweat tests. Interestingly, patients with vasal agenesis 
who also possess concurrent renal anomalies will not 
typically demonstrate mutations on cystic fibrosis 
gene analysis (30). 
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Other vasal abnormalities in infertile male 
patients that may be identified on TRUS include 
increased echogenicity representing occlusion of the 
vas deferens by fibrosis or calcification (Figs. 6, 14A, 
14B, 15, and 16A-C), obstructing cysts of the vas defer- 
ens and vas deferens calculi. The TRUS findings in 
patients with vasal occlusion by fibrosis or calcification 
range from subtle alterations in echotexture to frank 
calcification. Similar textural changes are usually pres- 
ent in the seminal vesicles and ejaculatory ducts. The 
pathogenesis of such diffuse distal ductal fibrosis or 
calcification is unclear. A congenital etiology is likely in 
patients with diffuse, bilateral, and symmetrical 
textural abnormalities, but some cases may be second- 
ary to chronic indolent infection. Cysts and calculi are 
most commonly seen in the terminal ampullary por- 
tion of the vas deferens (Figs. 14A, 14B, 15, and 16A-C). 
Ampullary cysts and calculi frequently produce 
dilatation of the proximal vas deferens as well as 
obstruction of the ipsilateral seminal vesicle. Occasio- 
nally, ampullary cysts may reach a size sufficient 
enough to cause both ipsilateral and contralateral 
ductal obstruction (4-10). 


(B) 


Figure 14 Vas deferens calculi. (A) Diagrammatic representation 
of ampullary stone. (B) Axial view demonstrates a 5-mm calculus in 
the right vasal ampulla (arrow). 
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Figure 15 Vas deferens obstruction. Sagittal view shows abnor- 
mally dilated right vas deferens, obstructed by multiple stones. 
Compare to the normal vas deferens in Fig. 17B. 


Seminal Vesicles 


Embryologically, the seminal vesicles arise as saccular 
dilatations of the distal Wolffian duct (the future vas 
deferens) near its junction with the urogenital sinus. 
Because 80% to 90% of the ejaculate volume is elabo- 
rated by the seminal vesicles, congenital anomalies 
and obstructive pathology of the seminal vesicles will 
result in a diminished ejaculate volume, low pH and 
reduced fructose levels in the seminal fluid. 
Abnormalities of the seminal vesicles associated 
with infertility include seminal vesicle agenesis, hypo- 
plasia (Fig. 12), obliteration by calcification and fibro- 
sis, and obstruction secondary to cysts (Fig. 17A-C) 
and calculi. As stated previously, seminal vesicle 
abnormalities occur in all patients with agenesis of the 
vas deferens (Fig. 13A and B), in which cases the 
seminal vesicle may be totally absent, atrophic, or 
hypoplastic (less than 30% of normal volume). Seminal 
vesicles are considered normal when greater than 25 
mm in length, hypoplastic when greater than 16 mm 
but less than 25 mm in length, atrophic when less than 
16 mm in length, and absent when no tissue is identi- 
fied. It should be noted, however, that although there 
may be complete histological absence of the seminal 
vesicle, a diminutive, rudimentary, and fibrotic rem- 


(A) 


nant may still be seen on TRUS posterior to the bladder 
(Fig. 12A-C). 

Occlusion of the seminal vesicles by calcification 
or fibrosis is thought to be congenital in origin, although 
some cases may occur secondary to chronic infection 
(seminal vesiculitis). This is perhaps the most difficult 
diagnosis to make on TRUS in infertile male patients, 
as only subtle alterations in echotexture may be present. 
In addition to increased echogenicity and lack of 
normal internal convolutions, the seminal vesicle may 
be either diminished or increased in size. Frequently, 
similar textural abnormalities are identified in the ipsi- 
lateral vas deferens and the contralateral ductal system. 
Chronic seminal vesiculitis also predisposes the patient 
to seminal vesicle stone formation, likely due to chronic 
urinary reflux from the prostatic urethra. Calculi may 
also form as the result of concretions of static fluid and 
cellular debris in an obstructed seminal vesicle. 

Seminal vesicle cysts are rare entities, more often 
congenital than acquired, that generally result from a 
discontinuity between the seminal vesicle and the 
ejaculatory duct (Fig. 17A-C). The congenital types of 
seminal vesicle cysts are commonly associated with 
anomalies of the ipsilateral Wolffian duct, such as the 
kidney, ureter, or bladder trigone. These anomalies 
include ipsilateral renal dysgenesis (present in 80% to 
90% of cases), duplication of the renal collecting system, 
ectopic insertion of the ureter, and ectopic location of 
the kidney (4,6,34-37). The association of seminal 
vesicle cysts and ipsilateral renal and ureteric anoma- 
lies may be explained by an abnormally cephalic origin 
of the ureteric bud from the Wolffian duct that may 
cause the developing ureter to fail to meet and stimu- 
late the differentiation of the nephrogenic blastema. 
Alternatively, the more cephalic ureter may, in fact, 
reach the nephrogenic blastema, but then terminate 
ectopically into a Wolffian duct derivative such as the 
bladder or seminal vesicle. The likelihood of renal 
anomalies increases as the origin of the ureteric bud 
becomes more cephalic. 

Patients with adult polycystic kidney disease 
may also demonstrate seminal vesicle cysts, but these 
are typically bilateral. As only 60% of patients will 
report a relevant family history of polycystic kidney 


Figure 16 Vas deferens cyst. (A) Diagrammatic representation of a right vas deferens cyst. (B) Axial view demonstrates bilateral vas deferens 
cyst (straight arrows) causing obstruction of the seminal vesicles (curved arrows). (C) Sagittal view of the cyst in left vas deferens. 


(B) 
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Figure 17 Seminal vesicle cysts. (A) Diagrammatic representation of the distal ducts demonstrating bilateral cysts of the seminal vesicle. 
(B) A cyst of the left seminal vesicle (arrow), axial view. (C) A cyst of the left seminal vesicle, sagittal view. Source: From Ref. 3. 


disease, the presence of bilateral seminal vesicle cysts 
should suggest the presence of polycystic kidneys and 
thus prompt a full renal evaluation. Seminal vesicle 
cysts should also be differentiated from cystic dilata- 
tion secondary to obstruction of the ejaculatory ducts, 
as the latter is best treated by transurethral resection. 
Some infertility specialists believe that increased 
seminal vesicle width (greater than 2 cm) demonstrated 
on TRUS is actually diagnostic of ejaculatory duct 
obstruction. 


Ejaculatory Ducts 


Ejaculatory duct dysfunction may occur via several 
mechanisms, including obstruction secondary to 
extrinsic compression of the duct by periurethral and 
prostatic cysts (such as utricular and Mullerian duct 
cysts), obstruction as the result of the duct orifices 
entering blindly into a cyst (such as an ejaculatory duct 
cyst, an ejaculatory duct diverticulum, or a Wolffian 
duct cyst), obstruction secondary to occlusion by calci- 
fication, fibrosis, or calculi, or even as the result of 
agenesis or hypoplasia of the duct itself (Figs. 18A—C 
and 19A-C) (3-10,36). Most cases of ejaculatory duct 
obstruction are associated with proximal dilatation of 
the seminal vesicles and vas deferens; in those cases 
involving agenesis, hypoplasia, and atrophy, how- 
ever, proximal atrophic changes or agenesis are more 
often seen. 


Sagittal TRUS images demonstrate the intrapros- 
tatic course of the ejaculatory duct as a thin, curvilinear 
structure extending from the vasal ampulla to the ver- 
umontanum, which is identified as a focal area of 
hyperechogenicity (Fig. 4) (4-10). The lumen of the 
ejaculatory duct may be visible but should not exceed 
2 mm in maximum dimension. Cysts, calcification, 
fibrosis, and stones are also best appreciated on sagittal 
images (37). 


Prostatic and Periurethral Cysts 


A variety of intraprostatic and periurethral cysts, 
clearly identifiable on TRUS, may result in proximal 
obstruction of the male reproductive tract (Figs. 20A—C) 
(6,8,11,38). These cysts may be classified according to 
their location and the presence or absence of spermato- 
zoa within the cystic fluid (4-6). Midline cysts without 
spermatozoa are likely to be utricular cysts. Such cysts 
are considered embryologic remnants of an incom- 
pletely regressed Mullerian duct system (Mullerian 
duct cysts). The normal utricle is no more than a 6 mm 
depression on the surface of the verumontanum; in 
10% of males, however, the utricle is larger and extends 
in a cephalad direction over a variable distance. 
A tense utricular cyst may cause ejaculatory duct 
obstruction via extrinsic compression. Large and per- 
sistent utricular cysts are also associated with various 
congenital anomalies including proximal hypospadias, 


Figure 18 Ejaculatory duct calculi. (A) Diagrammatic representation of ejaculatory duct stones. (B) Axial view of the prostate, demonstrating 
ejaculatory ducts with bilateral calculi. (C) Sagittal view of the ejaculatory duct with diffuse calcification and fibrosis (arrows). Source: From Ref. 3. 
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Figure 19 Ejaculatory duct cyst. (A) Diagrammatic representation of the distal male reproductive system, demonstrating right ejaculatory duct 
cyst. (B) Axial view demonstrating ejaculatory duct cyst (cursors). (C) Sagittal view of ejaculatory duct cyst (cursors). Note the typical elongated 
appearance of an ejaculatory duct seen on sagittal projection. Source: From Ref. 3. 


posterior urethral valves, prune belly syndrome, 
imperforate anus, and Down’s syndrome (6). 

Midline intraprostatic cysts containing sperma- 
tozoa are known as ejaculatory duct cysts, and embry- 
ologically are of Wolffian duct origin (39). Although 
actually paramedian in location and not strictly “mid- 
line,” these cysts nevertheless appear to have a mid- 
line location on TRUS. In contrast, prostatic retention 
cysts are more peripherally located, are degenerative, 
and do not contain spermatozoa. Although prostatic 
retention cysts are a frequent finding in normal fer- 
tile males, they are even more commonly observed 
in infertile patients, suggesting that such cysts are 
not simply incidental TRUS findings. In general, how- 
ever, these degenerative prostatic cysts rarely reach 
sufficient size to compress the adjacent ejaculatory 
ducts. 

The sonographic appearance of midline cysts is 
variable. Although cysts are clearly demonstrated on 
TRUS, it is not usually possible to classify them on the 
basis of sonographic findings alone. In general, a small 
midline cyst close to the verumontanum is most likely 
an enlarged utricle or utricular cyst (Mullerian duct 
cyst), while cysts located along the line of the ejacula- 
tory duct are likely to be of Wolffian or ejaculatory 
duct origin. A useful distinguishing feature of ejacula- 
tory duct cysts is an elongated, oval appearance on 
sagittal images (Fig. 19C). Definitive differentiation 
of the various types of prostatic cysts requires 


ultrasound-guided direct needle aspiration and subse- 
quent analysis of the resulting aspirate for the presence 
or absence of sperm. 


O THE ROLE OF IMAGING TECHNOLOGY 
IN THE MANAGEMENT OF MALE 
INFERTILITY 


Although representing only a small proportion of all 
infertile male patients, patients with certain congenital 
and acquired ductal anomalies can be treated with 
surgical intervention (36,3740—-45). Determination of 
suitability for surgery and the optimum operative 
approach, however, demands precise delineation of 
the nature and level of the abnormality. Thus, radio- 
graphic imaging can be a very useful tool in the man- 
agement and treatment of male infertility. In general, 
distal ductal anomalies can be classified as being either 
surgically correctable or nonsurgically correctable 
depending on the level and nature of obstruction. 
Surgically correctable causes of infertility are confined 
to lesions involving the distal two-thirds of the ejacula- 
tory ducts, including ejaculatory duct cysts, calculi, 
fibrosis, and calcification. Agenesis or occlusion of the 
ductal system above this level is, by definition, nonsur- 
gically correctable, and fertility can only be achieved 
via in vitro fertilization following epididymal aspira- 
tion (Fig. 21A-C). 


Figure 20 Midline cyst. (A) Diagrammatic representation of the distal male reproductive system demonstrating a midline cyst. (B) Axial view 
demonstrates a large midline cyst (arrows). (C) Sagittal view demonstrates a large midline cyst (arrows). Source: From Ref. 3. 


(B) 
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Figure 21 TRUS-guided cyst aspiration. (A) Diagrammatic representation of the distal male reproductive system. The horizontal line demar- 
cates surgically correctable from nonsurgically correctable lesions based on their location. Lesions below the line causing ejaculatory duct 
obstruction are amenable to surgical correction by transurethral resection of the verumontanum or ejaculatory ducts. Ductal obstruction or 
occlusion above this level is not amenable to surgical correction. (B) Axial view demonstrates a large cyst, extending above the prostate and 
protruding into the urinary bladder. Note multiple internal echoes indicating the presence of spermatozoa. (C) TRUS-guided cyst aspiration was 
performed. According to previous convention, the transducer is displayed at the top of this image. Tip of the needle is visualized (arrow). 
Aspiration yielded spermatozoa for in vitro fertilization. Abbreviation: TRUS, transrectal ultrasound. 


Congenital Abnormalities 


Infertility as the result of congenital bilateral agenesis 
of the vas deferens is, by definition, nonsurgically 
correctable; these patients may instead be successfully 
treated with microscopic epididymal sperm aspiration 
and in vitro fertilization. Because up to one-third of 
bilateral vasal agenesis cases will be missed on the 
basis of physical examination alone, TRUS is indicated 
in all patients with low-volume azoospermia in order 
to detect vasal agenesis as well as to identify potential 
associated anomalies similarly missed on physical 
exam. Scrotal ultrasound is recommended prior to 
epididymal sperm aspiration as 30% of patients with 
vasal agenesis will have hypoplasia of the distal two- 
thirds of the epididymis; the side with the longest epi- 
didymal remnant should be selected for surgery. 
Alternatively, testicular sperm extraction (TESE) may 
be performed. 

If a midline cyst or ejaculatory duct calculus is 
identified, the optimum surgical approach is simple 
transurethral resection of the distal portion of the 
ejaculatory ducts (Fig. 4). If TRUS fails to define a mid- 
line obstructing cyst or stone but instead demonstrates 
diffuse ejaculatory duct obliteration by calcification or 
fibrosis with proximal dilatation, more extensive 
surgery is required, typically involving incisions in the 
prostatic floor from just distal to the bladder neck to 
the verumontanum, lateral to the midline, and suffi- 
ciently deep to enter the ejaculatory ducts from their 
origin posterolaterally to their termination in the 
prostatic urethra (40-45). 


Distal Ductal Anomalies 


Seminal vesicle and vas deferens cysts may be treated 
with TRUS-guided needle aspiration, although it 
should be noted that this therapeutic benefit is not per- 
manent, as the cysts will recur (Fig. 19). Cyst aspiration 
may be therapeutic in two ways: first, decompression 


of the cyst may help relieve proximal ductal obstruc- 
tion and second, such cysts may contain spermatozoa, 
which may be harvested for the purposes of in vitro 
fertilization. 

Treatment of testicular causes of male infertility 
is somewhat controversial. Surgical correction of 
undescended testes is generally recommended in boys 
and young men in order to enable examination of the 
affected testis for possible malignancy as well as to 
improve future fertility. Varicoceles are amenable to 
treatment either by surgical ligation or by angio- 
graphic sclerotherapy, a relatively noninvasive and 
effective technique (26). The effectiveness of the sur- 
gery or sclerotherapy may be confirmed by postinter- 
ventional color Doppler sonography to demonstrate 
involution of the varicocele. Approximately half of 
treated patients will have improved fertility following 
either type of treatment (3,8,23,25). There is also anec- 
dotal evidence to support the treatment of hydrocele 
and spermatocele, but caution is advised if attempting 
surgical correction as postoperative scarring may 
cause duct obstruction and actual worsening of 
infertility. 


O CONCLUSION 


There are many possible etiologies for male infertility. 
A systematic, logical, and thorough evaluation of infer- 
tile male patients is mandatory to distinguish patients 
with correctable defects from those with noncorrectable 
abnormalities. Scrotal ultrasound and TRUS are safe 
and effective methods of visualizing the distal male 
reproductive system that can help identify patients 
appropriate for either surgical or radiologic interven- 
tion, thereby eliminating unnecessary further investiga- 
tions and interventions in patients unlikely to reap 
treatment benefits. 
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Part IV 


Treatment of Male Reproductive Dysfunction 


T treatment of the many causes of male reproduc- 
tive dysfunction may be broadly classified as being 
either surgical or nonsurgical. Of the nonsurgical treat- 
ments, both pharmacologic and psychosocial therapies 
are available. The chapters in Part IV of this volume first 
describe the appropriate etiology-based management of 
each of the conditions that may threaten male fertility. 
Special consideration is given to the problems of sperm 
autoimmunity and the preservation of fertility in males 
with spinal cord injury, as well as those experiencing 
cancer and/or undergoing current cancer treatment. 
One exciting area of development in the field of 
reproductive medicine involves the restoration of 
male fertility utilizing various new forms of assisted 
reproductive technology (ART), including in vitro 
fertilization (IVF) and intracytoplasmic sperm injec- 
tion (ICSI). The successful implementation of these 


methods, however, requires the assumption that the 
traditional barriers to fertilization will be breached by 
directly placing an operator-selected sperm with the 
ovum; thus, there may be ethical considerations 
regarding the future genetic health of any offspring 
created using such techniques. 

Although the overall goal of this volume is to 
describe and provide solutions for the problem of male 
factor infertility, one additional topic raised in this 
section is actually antithetical to the trend of the rest of 
the book, but represents another exciting area of cur- 
rent research in reproductive medicine: male hormonal 
contraception. While “the pill” has long been a female- 
initiated mainstay of preventing unwanted pregnancy, 
similar drugs for male-only use have recently been 
developed; thus, these treatments are also included in 
Part IV of this volume. 


Section I: Pharmacological Interventions 
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O PRINCIPLES OF THE ANDROGEN 
TREATMENT OF HYPOGONADISM 


The indications for androgen treatment are shown in 
Table 1 (1). Primary Leydig cell failure must be treated 
with androgens to relieve clinical symptoms and signs. 
Response to androgen replacement therapy is 
monitored by checking for improvement in the clinical 
features of hypogonadism. Typically, an improvement 
in sexual function, frequency of shaving, secondary 
sexual characteristics, and general well being occurs 
rapidly after the initiation of treatment. It is often 
useful to monitor minimum and peak testosterone 
levels during the start of therapy and in patients who 
do not show adequate clinical response. 

Androgen treatment does not reverse infertility. 
Secondary Leydig cell dysfunction can be corrected by 
normalizing blood luteinizing-hormone (LH) levels. 
Until patients with hypothalamic—pituitary disorders 
associated with hypogonadotropic hypogonadism are 
desirous of a pregnancy, however, they are also treated 
with androgens because of the ease of administration 
and low cost. When a patient with hypogonadotropic 
hypogonadism desires fertility, the testes must be 
stimulated with LH- and follicle-stimulating hormone 
(FSH)-like hormones. This is usually done with human 
chorionic gonadotropin (hCG) or recombinant human 
LH, followed by combined hCG or LH and human 
menopausal gonadotropin or purified FSH. As an 
alternate method, pulsatile gonadotropin-releasing 
hormone (GnRH) injections may be given to induce 
spermatogenesis and fertility (2,3). 

Pulsatile treatment requires the patient to continu- 
ously wear a micropump device for delivering small 
amounts of GnRH every two hours. Prior treatment with 
testosterone does not jeopardize the chances of fertility 
in patients with hypogonadotropic hypogonadism. 

In young children with micropenis, a short course 
of low-dose androgen therapy is often tried. In adoles- 
cent boys with constitutional delay of puberty in whom 
the psychological effects of delayed puberty are signi- 
ficant, short-term treatment with testosterone for three 
to four months may be indicated. 


As described in earlier sections, total and free 
testosterone levels decrease with age (please refer to 
Chapter 12). This decline in Leydig cell function 
occurs at a time when various androgen-responsive 
end organs show signs of abnormal function (i.e., 
penis, bone, and muscle). Although a decrease in 
sexual function is often observed in older men, many 
aged men have other causes for erectile dysfunction 
(ED), and thus do not experience a reversal of impo- 
tence when treated with testosterone alone. Combined 
PDE-5 inhibitors and testosterone may be beneficial 
on sexual function when decreased libido and ED are 
present in hypogonadal, older men. Although it has 
not been proved that androgen therapy in older men 
with borderline or normal range testosterone levels 
will improve sexual function, prevent bone and 
muscle loss, or improve the quality of life (4-7), 
clinical trials are underway to determine its efficacy 
in symptomatic men with definitely low serum 
testosterone levels. The possible beneficial effect of 
androgens must be balanced against the possible 
adverse effects on lipids, prostate, and sleep-related 
breathing disorders (7-9). 

Testosterone has been given alone or in conjunc- 
tion with other steroids and GnRH analogs as experi- 
mental male contraceptives (10-13). Recent data 
indicate that pharmacologic doses of testosterone will 
successfully suppress sperm counts to levels incompat- 
ible with fertility (13). These effects are reversible (14). 
In these regimens, androgens function both to suppress 
sperm production by inhibiting gonadotropins and to 
replace endogenous androgen levels. The dosage of 
testosterone used in successful male contraceptive trials 
is higher than replacement, and long-term data on pos- 
sible adverse effects on the prostate and cardiovascular 
system are not yet available. 

In hereditary angioneurotic edema, anabolic 
steroids have been used to prevent attacks. These 
anabolic steroids increase the synthesis of complement 
1 inhibitor, which is deficient in these patients. Because 
of the known side effects of these agents, they are not 
recommended for use in pregnant women and in 
children. 
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Table 1 Indications for Androgen Therapy 


Definite 
Probable or possible 


Male hypogonadism 
Micropenis in children 


Constitutional delayed puberty 


Aging men (with evidence of androgen deficiency) 


Male contraception 


Hereditary angioneurotic edema 
Hematological disorders such as aplastic anemia, myelofibrosis with myeloid metaplasia 


Dubious or controversial 


hemolytic anemia, autoimmune thrombocytopenia, and leukopenia 
Improvement of nitrogen balance in non-androgen-deficient catabolic state 
Improvement of libido in hypogonadal women 


Not indicated 


Anemia associated with renal failure 


Improvement of muscle strength and endurance in athletes, body builders 


The role of androgens in the treatment of hema- 
tological disorders remains controversial; and newer, 
more specifically targeted treatments are available. 
Treatment of refractory hypoplastic anemia with 
androgens may be tried for three to six months, but in 
responders, treatment must be continued for a much 
longer period. Because of the availability of recombi- 
nant human erythropoietin, with its more specific 
action and its lack of side effects, androgens are no 
longer the primary treatment for patients with anemia 
associated with chronic renal failure. 

Androgens have been used in clinical situations 
such as severe trauma or chronic illness, in which the 
patient is in long-term negative nitrogen balance. The 
long-term results are generally disappointing, but trials 
in cancer and HIV-infected patients are underway. 

There is an increasing trend toward the use of 
androgenic steroids by athletes and body builders. The 
pattern of androgen use by athletes involves the inter- 
mittent and cyclical administration of pharmacological 
doses of a combination of oral and parenteral agents. 
These unprescribed androgens may include huge 
doses of drugs, including veterinary agents that either 
are potentially toxic or have not been tested in humans 
(15). Androgens increase muscle mass and strength in 
women and prepubertal children. In normal adult 
men, it has been debated whether the administration 
of additional androgens enhances athletic perfor- 
mance. Most information is anecdotal; however, a 
number of studies including several well-controlled 
protocols have been performed. Results of double- 
blind studies are contradictory; there are reports 
indicating both positive and nonbeneficial effects on 
athletic performance in postpubertal males (9,15,16). 
A careful dose-response study was performed in 
which normal men were given a GnRH antagonist to 
markedly suppress serum LH levels. Groups of men 
were then given increasing doses of testosterone from 
subphysiological to markedly pharmacological 
amounts. The effect on muscle size and strength was 
progressive, indicating that the performance-enhancing 
effects of androgens are dose related (17). Even in those 
studies in which increased strength and performance 
was seen, the changes induced by these agents were 
small; thus, documentation of clinically significant 


improvement in muscle strength and endurance has 
not been obtained (15). Despite the controversy, some 
athletic trainers and physicians have argued that even 
small changes in performance justify the use of these 
agents by high-performance, competitive athletes. 
Nevertheless, the policies of all international and U.S. 
athletic regulatory agencies are unambiguously 
opposed to “doping” with androgens or other 
medicines to improve performance. Furthermore, 
physicians believe that the unsupervised use of andro- 
gens and high-dose androgen treatment impose some 
risk of undesired toxic effects. The long-term abuse of 
supraphysiological doses of androgens in men may 
lead to gynecomastia, hepatic toxicity (caused by 
17-alkylated androgens), polycythemia, lipid changes 
(lowering of high-density cholesterol), and suppression 
of spermatogenesis (due to decreased LH and FSH 
secretion and decreased testosterone biosynthesis by 
the Leydig cells). These toxic side effects are suffcient 
to discourage the use of androgens for nonmedical 
reasons in people of all ages, even adult men. 


O ADVERSE EFFECTS OF ANDROGEN 
TREATMENT 


In general, testosterone and its esters have fewer side 
effects than the synthetic 17-alkylated androgens 
(8,9,13). Acne and increased oiliness of skin are 
frequently experienced by patients at the initiation of 
androgen supplementation. Because testosterone is 
metabolized to estradiol, gynecomastia may develop. 
The gynecomastia is often mild, and treatment is usu- 
ally unnecessary. Most patients gain weight when 
administered androgens. The weight gain is due to 
water retention, increased blood volume, and increased 
lean body mass. With the exception of severely hypo- 
gonadal men with preexisting azoospermia and 
decreased testicular volume, patients given exogenous 
androgen therapy have suppression of spermatogenesis 
and a decrease in testicular size. The decreases in sperm 
production and seminiferous tubule volume are conse- 
quences of the suppression of GnRH, LH, and FSH. 
Androgens cause virilization in women and 
prepubertal children. In addition, androgens promote 


premature epiphyseal closure of the long bones in 
children and will result in reduced ultimate height. 
There have been several studies on androgen effects on 
hypodesire states in women. The results indicate posi- 
tive effects over placebo. Androgens are not approved 
in the United States for this condition, presumably 
because of the sparseness of safety data. For these 
reasons, androgens should not be used in women and 
in children of either sex except for the specific indica- 
tions discussed previously. 

Changes in liver function and hepatic disorders 
are dependent on the type of androgen given. Liver 
dysfunction is not observed with testosterone or its 
esters. In contrast, the 17-alkylated androgens can 
produce liver dysfunction, including cholestasis, 
elevation of plasma alkaline phosphatase, and conju- 
gated bilirubin. Methyltestosterone causes cholestatic 
jaundice with minimal parenchymal liver damage. 
Recovery is usually rapid after drug discontinuation. 
Two more serious liver problems, peliosis hepatis and 
hepatic tumors, may occur rarely after androgen ther- 
apy, and only when high pharmacological doses of 
androgens are used to treat conditions such as refrac- 
tory aplastic anemia. Because most of these reports 
involved patients with preexisting conditions that are 
associated with increased evidence of neoplasms, the 
implications of such reports in the treatment of hypo- 
gonadal men remain controversial. The majority of 
studies in which testosterone was given in physiologic 
doses for hypogonadism or pharmacologic doses for 
male contraception have not demonstrated evidence of 
hepatic toxicity. 

Testosterone treatment influences cholesterol and 
apolipoprotein synthesis and metabolism. When a 
17-alkylated androgen, stanozolol, is administered to 
normal men, high-density lipoprotein (HDL) choles- 
terol and apolipoprotein A-I and A-II levels are 
decreased, and low-density lipoprotein cholesterol and 
apolipoprotein B levels are increased. These changes in 
lipid profiles have been identified as risk factors for 
coronary atherosclerosis. Such changes in lipid profile 
occur to a much lower extent with testosterone esters 
such as testosterone enanthate, perhaps because some 
of the testosterone is converted to estrogens that have 
effects on lipid profile opposite those of androgens. 
Another explanation for the difference in lipid profiles 
may be that the orally active anabolic steroids (17-alky]l- 
ated androgens) have a first-pass effect on the liver, 
leading to effects on lipids not apparent with the paren- 
terally administered testosterone esters. More data are 
needed in larger groups of men to quantify the degree 
to which testosterone esters are associated with adverse 
effects on lipid profiles and to determine if these small 
effects are associated with an increased risk of athero- 
sclerosis. The findings of decreased HDL cholesterol 
after high-dose testosterone and 17-alkylated andro- 
gens need to be balanced by the failure to document 
these changes in many replacement studies (6,17—19). 

Androgens cause small increases in hemoglobin, 
hematocrit, and total red cell count when administered 
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to normal or hypogonadal men (20). Androgens both 
stimulate erythropoietin production by the kidneys 
and have a direct effect on the bone-marrow stem cells. 
Clinically significant polycythemia is uncommon in 
hypogonadal men given androgen replacement except 
in patients who are likely to develop polycythemia— 
for example, those with chronic obstructive pulmonary 
disease or sleep apnea. 

The 17-alkylated androgens have been given to 
men with coagulation disorders. Although small 
increases of clotting factors have been recorded, these 
anabolic steroids increase fibrinolysis and antithrom- 
bin III levels (a natural anticoagulant). The net effect is 
that increased bleeding episodes occur. The increase in 
fibrinolysis may counterbalance the negative effects of 
lipid profiles on the risk of coronary heart disease. 

In hypogonadal men treated with androgen 
replacement, sleep-related breathing disorders (sleep 
apnea) have been reported. In obese patients and those 
with chronic obstructive airway disease, the physician 
should question the patient about sleep-related breath- 
ing disorders before the commencement of androgen 
replacement. 

Although reports of androgen-induced mild 
resistance to insulin action exist, the usual doses of tes- 
tosterone esters, when given to normal men, are not 
associated with changes in glucose or insulin levels. 
Although adverse effects on glucose control in diabetic 
patients given androgen replacement have been 
reported, many studies now suggest that testosterone 
may benefit the metabolic syndrome by reducing body 
and visceral fat. 

Benign prostatic hypotrophy and prostate cancer 
rarely occur in men who developed androgen 
deficiency prior to puberty. Despite this fact, no clear 
evidence indicates that androgen replacement given 
to men who become hypogonadal after puberty 
increases the risk of prostatic disease. For all adult 
men, especially older men on long-term androgen 
therapy, regular digital rectal examination must be 
performed and prostate-specific antigen levels should 
be monitored. If there is a suspicion of prostatic 
enlargement, a transrectal prostatic ultrasound should 
be performed and/or final needle biopsy of a suspi- 
cious nodule. 

The effects of androgen on behavior and cognitive 
function have been topics of broad public interest. 
Anecdotal reports of androgen rage or increased 
aggressive behavior after androgen therapy have not 
been substantiated by controlled studies. A recent 
report (9) has shown improved mood, lessened depres- 
sion, and general well being when hypogonadal men 
are treated with testosterone. 


O CONCLUSION 


Disorders of Leydig cell function can be primary or 
secondary to abnormal secretion of LH and FSH. These 
disorders can be congenital or acquired. The clinical 
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manifestations depend on the following: (i) location of 
the defect (hypothalamic, pituitary, and gonadal) or 
mimicking by abnormalities of androgen-responsive 
end organs; (ii) age at onset of the disorder; and (iii) the 
nature of associated nonreproductive problems. 
Because of the actual role of intratesticular testosterone 
in germ cell maturation, Leydig cell dysfunction 
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O INTRODUCTION 


Approximately 10% of all couples will seek fertility 
assessment (1), and of these, a male factor will be found 
in up to two-thirds (2-5). Fertility assessment may be 
the first presentation of adult gonadotropin deficiency 
due to adult-onset or neglected pubertal delay (5,6). 
Missed diagnosis at this stage may have adverse long- 
term general health consequences (e.g., osteoporosis, 
sarcopenia, reduced quality of life), and may also 
immediately expose both the male and female part- 
ners, as well as any progeny, to the unnecessary risks 
of assisted reproduction (7). 

Conventionally, gonadotropin deficiency is 
treated with androgen replacement therapy (see 
Chapter 29) to induce and maintain virilization since 
steroids are cheaper and more easily administered 
than gonadotropins; however, testis development, 
spermatogenesis, and fertility cannot be induced by 
exogenous testosterone alone (8), since the resulting 
intratesticular testosterone concentrations are two orders 
of magnitude lower than that achieved with luteiniz- 
ing hormone (LH) stimulation. Hence, gonadotropin 
or pulsatile gonadotropin—releasing hormone (GnRH) 
therapy is required for gonadotropin-deficient men who 
seek fertility. Since pregnancy is the desired outcome, 
spermatogenic and testicular parameters are only surro- 
gate markers of fertility. Nevertheless, sperm output is a 
critical, quantifiable (9), and prospectively quantitative 
(10) determinate of male fertility (see Chapter 24). 

Although gonadotropin deficiency remains one 
of the few disorders of male fertility responsive to 
specific treatment, it accounts for less than 1% of all 
causes of infertility (2-4). Furthermore, affected men 
seek fertility on few occasions and successful preg- 
nancy typically requires years (rather than months) of 
treatment. For these reasons, prospective randomized 
efficacy studies are not feasible, and even retrospective 
studies in specialized centers require decades to 
accumulate sparse and incomplete data (11-13). 
Among the larger studies of gonadotropin replace- 
ment (12-29), only six examined more than 20 men 
(12-17). These six include four multi-center studies 
(14-17) where consistency of therapy may not 


have been maintained. Fertility outcome data following 
pulsatile GnRH therapy are even sparser (11,13,24, 
25,30-33). 

Important differences in the use and effect of 
gonadotropin therapy between men and women limit 
extrapolation. Gonadotropin therapy is typically used 
pharmacologically for ovarian hyperstimulation in 
women as part of anonspecific infertility treatment (7). 
Furthermore, the effectiveness and risk of ovarian 
hyperstimulation syndrome with pharmacological 
gonadotropin therapy and the physiological variation 
in gonadotropin and steroid secretion during the men- 
strual cycle and with age (menopause) has no parallel 
in men. These important differences limit extrapola- 
tion, except when assessing pharmacokinetics, local 
tolerability, and antigenicity of specific gonadotropin 
preparations. 

This chapter will therefore highlight studies per- 
formed specifically in gonadotropin-deficient men that 
examined pregnancy outcomes and predictors of 
fertility; however, since fertility data are so limited, 
with few studies including it as an important endpoint 
(12,13,26,28,34,35), other studies will also be included 
if quantitative spermatogenic data are provided, 
even if few participants actually sought fertility 
(11,14-17,19,22-24,25,27). The clinical application of 
this information will be emphasized. 


O INDUCTION OF SPERMATOGENESIS IN 
GONADOTROPIN DEFICIENCY 


Gonadotropin deficiency is caused by structural or 
functional disorders of the pituitary and/or hypothal- 
amus. Genetic defects in the synthesis, secretion, and 
action of GnRH, LH, or follicle-stimulating hormone 
(FSH) ligands and receptors are increasingly being 
recognized as important causes of gonadotropin 
deficits (36-40). However, other acquired causes of 
gonadotropin deficiency should be considered, as 
specific treatments may be effectively applied. Iron 
chelation in hemochromatosis (41), dopamine agonist 
treatment of macroprolactinoma (42,43), and surgery 
and/or radiotherapy for pituitary tumors each may 
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occasionally restore fertility. Concurrent evaluation of 
tubal patency and ovulation in the female partner is 
also required, since male and female factors may coex- 
ist in up to one-third of all cases of infertility (2—4). 

Androgen replacement therapy (if used) must be 
stopped prior to commencement of gonadotropin or 
GnRH therapy. Both treatments are effective, but 
GnRH therapy is not approved by regulatory authori- 
ties in some countries (including the United States). 
In addition, GnRH therapy is ineffective in men lacking 
pituitary gonadotroph function (44), and can only be 
considered in gonadotropin-deficient men without 
pituitary disease; however, such therapy requires con- 
tinuous use of a portable pump to deliver pulsatile 
therapy, which is inconvenient, costly to maintain, and 
is now rarely used outside of highly specialized cen- 
ters (11,13,30). For this reason, gonadotropin therapy 
has become standard therapy and data regarding the 
outcome of GnRH therapy remains limited. 

Clinical features (androgenic effects, Tanner puber- 
tal stage, and testis size), blood (plasma testosterone), 
and semen (semen analysis) should be assessed at base- 
line and monitored throughout therapy. Assessment of 
testis volume by ultrasound (otherwise by Prader 
orchidometer), and monthly examination of blood and 
semen is ideal (see Chapter 12). If initiation of spermato- 
genesis is slow or sperm output remains poor, assisted 
reproductive technologies may be introduced cautiously 
(45). Gonadotropin-deficient men with smaller initial 
testicular volumes or incomplete puberty are more 
likely to require such additional treatment (11,12,46). 

After pregnancy is confirmed, continuation of 
therapy until completion of the first trimester is 
prudent. During this time, GnRH or human chorionic 
gonadotropin (hCG)/FSH can be converted to hCG 
treatment alone (31,47), since such therapy is less costly 
and more convenient, and the potential reduction in 
sperm output is less important once pregnancy has 
been confirmed. This is consistent with the classical 
view that FSH is necessary for quantitatively normal 
spermatogenesis (8,48). Cryostorage of sperm for 
future pregnancies is also advisable (49), but may be of 
poor quality post-thaw. 


CO GONADOTROPIN THERAPY 
Preparations 


Successful initiation of spermatogenesis in primates 
requires FSH and LH secretion by the pituitary gland, 
although the relative importance of FSH to initiate or 
maintain spermatogenesis remains controversial 
(50,51). In gonadotropin-deficient men, hCG therapy 
alone may be sufficient to induce (21,52), maintain 
(29,53), or reinitiate (48,53) qualitatively normal sper- 
matogenesis, but FSH is required for quantitatively 
normal spermatogenesis (47,52). Gonadotropins have 
been clinically available for almost four decades (54,55) 
and are highly effective. Successful regimens have 
been reported using hCG purified from urine of 


pregnant women alone (21), or combined with FSH 
purified from human pituitaries (29), urine of meno- 
pausal women (13), or recombinant FSH (56). However, 
gonadotropin therapy is ineffective in the absence of 
gonadotropin deficiency (7). 


Recombinant FSH 


Recombinant human FSH is manufactured from geneti- 
cally engineered Chinese Hamster Ovary (CHO) cells 
in which the genes encoding the œ and ß chains of 
human FSH are introduced through recombinant DNA 
technology (57,58). Two recombinant FSH preparations 
are commercially available: follitropin œ (Gonal F®, 
Ares-Serono, Geneva, Switzerland) and follitropin f 
(Follistim®, Organon, West Orange, New Jersey, or 
Puregon®, NV Organon, Oss, The Netherlands). Follitro- 
pin a@ is purified from the cell culture supernatant by 
ultrafiltration followed by five chromatographic stages, 
which include reversed-phase, high-performance liquid 
chromatography and immunoaffinity. The chromato- 
graphic stages in the purification of follitropin B include 
anion and cation exchange, hydrophobic interaction, 
and size exclusion. Both compounds are structurally 
very similar, and possess similar immunopotency, in 
vitro potency, and internal carbohydrate complexity 
(59). Hence, they are likely to be equally effective for 
induction of spermatogenesis, although direct compar- 
isons are not available. 

In women, both forms of FSH are equally effec- 
tive and safe for in vitro fertilization (IVF) treatment 
(60-62). The use of a pen delivery device improves 
effectiveness in women, which is most likely explained 
by reduced waste, increased convenience, and better 
compliance (63). Similar studies in the context of male 
infertility have not yet been published. 

Recombinant human FSH has advantages in 
formulation over urinary FSH preparations due to its 
greater purity, higher specific activity, and more 
consistent composition (59,64), and it is also theoreti- 
cally available in an unlimited supply; however, the 
manufacture of urinary compounds has correspond- 
ingly become more sophisticated to compensate for 
these perceived limitations. Whereas the first avail- 
able preparations [human menopausal gonadotropin 
(hMG) or menotropin] contained protein impurities 
and possessed both FSH and LH activity, modern 
purification procedures have resulted in preparations 
that contain trace quantities of other proteins and 
have greater batch-to-batch consistency (through bio- 
activity testing) (65). Other purification methods have 
also been developed to reduce intrinsic LH activity 
(producing urofollitropin compounds); however, 
these compounds have no specific clinical advantages 
for the induction of spermatogenesis. Critically, uri- 
nary and recombinant FSH appear to be equally effec- 
tive in inducing spermatogenesis and causing 
pregnancy (12,56), although formal comparisons are 
not available. This is consistent with the comparable 
pregnancy rates determined by meta-analysis in 
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various groups of women undergoing assisted repro- 
duction (66-69). Local tolerability of either highly or 
regularly purified compounds is also equivalent to 
recombinant FSH (65,70). 

Nevertheless, urinary FSH preparations are 
increasingly supplanted by recombinant FSH, despite 
being approximately half the cost in some countries 
(71). This trend is not due to rigorous cost-effectiveness 
analysis since formal cost-effectiveness studies are not 
available in men, and cannot be derived from analyses 
in the context of assisted reproduction (72-74). The 
decreased availability of urinary FSH may be partly 
due to reduced donor pool availability after more strin- 
gent screening to limit the risk of transmissible prion 
disease was instituted. Although pituitary extracts 
have a known risk of prion disease transmission 
(75-79), and are no longer available, no cases of trans- 
mission have been documented for either urinary or 
recombinant preparations (68,80). Such transmission 
remains a theoretical possibility since both compounds 
require either potentially infectious human urine or 
bovine serum as part of the manufacturing process. 


Recombinant hCG 


Recombinant hCG, which is commercially available as 
chorionic gonadotropin a (Ovidrel®, Ares-Serono, 
Geneva, Switzerland), has recently received regulatory 
approval in the United States for assisted reproduc- 
tion. Based on the impact of recombinant FSH on the 
availability of urinary PSH, it is likely that urinary hCG 
will also be progressively replaced. Recombinant hCG 
is otherwise pharmacokinetically bioequivalent to uri- 
nary hCG (81), but has fewer local side effects (82-84). 
Whether local tolerability of urinary hCG could be 
improved with more stringent purification procedures 
is not known. Although recombinant hCG has been 
used in men (85), studies of its use in the context of 
male infertility are awaited. Recombinant LH (86) is 
also available, but its potential role in spermatogenesis 
induction has not yet been defined. 


New Preparations 


Other novel FSH agonists are being developed using 
recombinant technology in CHO cell lines. Some have 
already been tested in clinical trials and their commer- 
cial availability is anticipated. The development of 
these compounds has followed two general approaches. 
One approach was to develop proteins of reduced size 
and complexity but with full bioavailability in the hope 
of producing compounds, that could be administered 
nasally rather than by injection (87). Although less 
painful to administer, these compounds would probably 
be less convenient if more frequent dosing was required. 
The other approach was to develop larger, more heav- 
ily glycosylated and acidic proteins with increased 
duration of action due to reduced renal clearance and/ 
or increased intrinsic activity (59,88). Such compounds 
would be more convenient if less frequent administra- 
tion was required and are ideally suited for induction 


of spermatogenesis rather than ovarian hyperstimula- 
tion, since careful dose titration is not necessary in men. 
FSH-CTP manufactured by fusion of the C terminal 
sequence of the chorionic gonadotropin B subunit to 
the follitropin B subunit (89) is one such compound. 
Prolonged duration of action has been observed in men 
due to the resultant introduction of four O-linked 
glycosylation sites as well as the induction of the Sertoli 
cell and fertility marker, inhibin B, and minimal anti- 
genicity (90); however, the effect of FSH-CTP on sper- 
matogenesis has not yet been reported. Administration 
in women has resulted in similar results as well as 
clinical pregnancies (91,92). 

More recent innovations include techniques to 
insert N-linked glycosylation sites and to produce 
fusion proteins. Fusion proteins (including an FSH- 
CTP-like protein) contain both a and ß subunits on a 
single chain (93,94). The covalent linkage reduces 
subunit dissociation and results in prolonged duration 
of action and increased efficiency of subunit assembly. 
The introduction of N-linked glycosylation sites into 
the œ subunit (95) or B subunit (94) has also been 
reported. A novel protein combining these extra sites 
within a fusion protein has been created (94), although 
further increase in duration of action has not been for- 
mally demonstrated. The construction of a modified 
hCG protein containing extra N-linked glycosylation 
sites is also anticipated, since the a subunit is common 
to all gonadotropins. However, the bioactivity of this 
protein, particularly with multiple dosing, would still 
need to be formally established since desensitization 
may be limiting (96-98). 


Regimens 


Conventionally, hCG is commenced at a dose of 1000 
to 2000 IU administered two to three times each week. 
Patients are reassessed after the first month. If the 
trough plasma testosterone (measured immediately 
before the next injection) is subnormal (below the 
eugonadal range) and/or if there is inadequate testi- 
cular or androgenic response, the same dosage is 
increased to three times or, rarely, four times weekly. A 
trial of hCG treatment alone is warranted since sper- 
matogenesis can be effectively induced in some men 
(21,53), particularly those with larger testicular volume 
(26) or those who have completed puberty (28); how- 
ever, if no sperm has appeared by 6 to 12 months of 
adequate hCG treatment, FSH is added. The usual dose 
of FSH required is 75 to 150 IU three times weekly. 
Provided total dose is the same, frequency of adminis- 
tration does not appear important (14). If testis growth 
and sperm output are inadequate, the dose is can be 
increased, rarely, to 150 IU daily. 

All commercially available gonadotropins 
(urinary or recombinant FSH or hCG) can be adminis- 
tered intramuscularly or subcutaneously (22,81,99- 
102) even in the presence of obesity (103). Nevertheless, 
the subcutaneous route is preferable since it is more 
amenable to self-administration, is more convenient, 
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and less painful. When administering hCG with FSH, 
both can be mixed and injected in the same syringe. 
Rarely, antibodies can develop against urinary 
gonadotropins (104). Since the antibodies may be directed 
against other protein impurities, a trial of recombinant 
(105,106) or highly purified preparations is indicated. 
As a last resort, pulsatile GnRH therapy may be 
attempted, but may not necessarily be successful (104). 


O GnRH THERAPY 


GnRH is secreted by specific neuroendocrine cells 
located in the arcuate region of the mediobasal hypo- 
thalamus into a closed portal system through which it 
reaches the anterior pituitary gonadotropes, which 
secrete LH and FSH (107). Endogenous GnRH is 
secreted in a pulsatile fashion, typically every 90 to 120 
minutes (108), and this pulsatility is essential to its 
action (109). Since small quantities are secreted into a 
closed system, systemically administered synthetic 
GnRH (gonadorelin) must be given at much higher 
doses. Furthermore, long-acting analogues downregu- 
late GnRH action and are not useful in for the treat- 
ment of gonadotropin deficiency. 


Regimens 


Therapeutic studies in men with GnRH deficiency 
(110-112) confirm that 5 to 20 ug (25 to 600 ng/kg) per 
bolus administered every 90 to 120 minutes subcutane- 
ously by portable pump through an indwelling butter- 
fly needle results in physiological LH and FSH 
response. The needle is usually placed in the abdomi- 
nal wall and changed every two days. Therapy is mon- 
itored by serum LH, FSH, and testosterone usually 
every two weeks initially, and then every two months. 
Although intravenous administration produces the 
most physiologic pulse characteristics (113,114) and 
can successfully induce spermatogenesis and preg- 
nancy (115), subcutaneous administration is more 
practical for long-term treatment. Intranasal GnRH can 
maintain already induced spermatogenesis (116), but 
the need for frequent dosing every two hours also 
renders this clinically impractical. 

Failure of GnRH therapy may result from anti- 
GnRH antibody formation (117-119), which requires 
conversion to or supplementation with gonadotropin 
therapy. Although supplementary hCG/hMG treat- 
ment may further increase spermatogenesis in men 
with poor testosterone response to GnRH therapy (30), 
it is not possible to determine if modification of GnRH 
therapy alone would have been sufficient. 


O EXPECTED RESPONSE TO THERAPY 
Response to therapy can be quantified using pregnancy, 


induction of spermatogenesis or testicular growth as 
endpoints. Ideally, time to endpoint variables should 


be summarized using median rather than mean esti- 
mates, since mean estimates are biased by ignoring the 
contribution of men who never achieve the endpoint 
(120); however, any of these estimates can be highly 
skewed by sample heterogeneity. Many factors, inclu- 
ding testicular volume, cryptorchidism, completion of 
puberty, and prior androgen or gonadotropin therapy, 
are known to predict response and may be present to 
varying degrees in different populations. A further 
complication is that these predictors are interrelated 
and correlated—for example, smaller testis volumes 
occur in the presence of cryptorchidism and incomplete 
puberty. 

To determine the relative contribution of each 
predictor of response, all variables must be simultane- 
ously assessed in a multivariate analysis (12). Using 
this analysis, revealed that higher testicular volume 
and prior completion of puberty were the two most 
important predictors of faster induction of sperm 
output and pregnancy. This is consistent both with 
other major reports (46) and with anatomical function, 
since testis volume is predominantly physically deter- 
mined by the amount of spermatogenic tissue present. 
For this reason, estimates of response times can be 
most usefully expressed according to testis volume. 

The three major endpoints used to determine 
response to hormone therapy (induction of spermato- 
genesis, pregnancy, and testisticular growth) are 
reviewed individually below. 


Induction of Spermatogenesis 


The most extensive response data exists for spermato- 
genic endpoints. This is summarized in the bivariate 
plot of initial testicular volume versus duration of ther- 
apy required to induce spermatogenesis (Fig. 1). We 
found 13 studies that reported baseline testis volume 
and estimates (mean or median) of time to appearance 
of sperm in at least seven men receiving gonadotropin 
treatment (12-18,20,24,25,34,35,121). One study (121) 
was subsequently incorporated into a larger analysis 
(13) and was excluded. All these studies used gonado- 
tropin dose regimens similar to that described in this 
chapter except one study, which appeared to use much 
lower doses and was excluded (20). The total number 
of subjects represented is almost 330. An additional 
seven studies of GnRH therapy were found using the 
same criteria (13,24,25,30-32,122). Pulsatile dose- 
titrated subcutaneous GnRH was administered in all 
studies but one, as described before, which used less 
frequent, eight-hour administration and was excluded 
(122). The total number of subjects represented is 
almost 80. 

As illustrated, initial testis volume (calculated as 
the average of the left and right testis volume) consis- 
tently predicts spermatogenic response, with sperm 
first appearing within six months in men with larger 
(>4 mL) testis volumes and after nine months in men 
with smaller (<4 mL) testis volumes. In some cases, 
spermatogenesis may be delayed by as long as 20 
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Figure 1 Bivariate bubble plot of larger published studies relating 
testicular volume with first appearance of sperm. Bivariate bubble 
plot of central estimates (mean or median) of initial testicular volume 
(mL) against duration of treatment required before first appearance 
of sperm (months). Each point represents a single published study of 
gonadotropin (open symbols) or pulsatile GnRH (closed symbols) 
therapy. The area of each point is, proportional to the sample size of 
that study. Abbreviation: GnRH, gonadotropin-releasing hormone. 


months (20,24,123), particularly if dosage is low (20,123). 
These estimates are consistent with other studies of 
gonadotropin (23,52,124) and GnRH (11,32,122) therapy. 


Pregnancy 


Less extensive data regarding pregnancy outcomes 
after gonadotropin therapy is available. The largest 
studies (reporting altogether 34 successful pregnan- 
cies) suggest that half of all pregnancies will occur by 
approximately 20 months of treatment (12,18). Another 
large study has reported a shorter estimate of approxi- 
mately 10 months (13) but was biased by use of assisted 
reproduction and statistical censoring. Smaller studies 
(seven pregnancies each) of long-term hCG treatment 
report that half of all pregnancies will occur by approx- 
imately 20 (26) or 45 (21) months of treatment. However, 
these are likely to be overestimates of combined gonad- 
otropin treatment, which should result in more rapid 
response. Altogether, these studies have reported 
almost 75 pregnancies. Individual studies consistently 
report that approximately one- to two-thirds of all cou- 
ples seeking fertility will eventually be successful 
(12,13,15-19,21,24,26,34,35). 

The data regarding pregnancy outcomes after 
pulsatile GnRH therapy is so limited that conclusions 
cannot be drawn. Altogether, only approximately 20 
pregnancies have been reported in five (13,24,25,30,31) 
of the eight larger studies identified (11,13,24,25,30- 
32,122). These pregnancies typically occur at low (3-8 
million/mL) sperm concentrations (12,13,18,21,26,29). 
This cutoff is not specific to gonadotropin-treated 
men since a similar sperm output threshold demarcat- 
ing subnormal from normal pregnancy rates was 
reported in normal men treated with spermatogenesis- 
suppressing contraceptive regimens (125). Similar 
relationships are likely to exist for pulsatile GnRH 


therapy, but extensive quantitative data is not 
available. 


Testicular Growth 


Other response variables include testicular growth 
and hormonal response, but these are less useful if fer- 
tility is the desired outcome. Combined gonadotropin 
therapy typically results in testicular growth of 
approximately 7 mL (3-10 mL) (13-18,23,24,26,27,34, 
35,52,56,124). This is consistent with studies of GnRH 
therapy (11,13,24,25,30-32,122), and may be useful in 
the rare patient whose goal is testicular growth rather 
than fertility. Normalization of hormonal parameters 
typically occurs by two to three months. 


O PREDICTORS OF RESPONSE 
Testicular Factors 


As discussed above, testis volume is an important 
predictor of sperm output, which is interrelated with 
other known predictors. The testis volume level of 4 
mL suggested empirically from Figure 1 has ancillary 
theoretical support since this same cutoff demarcates 
partial from complete gonadotropin deficiency, and 
the likelihood of completion of puberty (11). Indeed, 
below this level, induction of spermatogenesis often 
requires protracted therapy, although conception can 
rarely occur (21). Furthermore, within individual 
studies, most large studies (12-14,18,21,26,30) have 
reported a significant relationship between initial tes- 
ticular volume and spermatogenic response. Studies 
that did not report such a relationship (17,22,34,35,52) 
often had a restricted range of testis volume or selected 
subjects specifically on the basis of another confound- 
ing variable. 

Cryptorchid testes are less responsive to gonado- 
tropin or GnRH therapy, and this effect is additional to 
that explained by testis volume. In a study of 13 crypt- 
orchid men, matched for testicular volume (<4 mL) 
with 13 noncrypt-orchid men, gonadotropin therapy 
resulted in statistically lower testicular volume and 
sperm output (19). The remainder of the studies have 
largely confirmed this relationship (11,12,14,28,34), 
although fewer cryptorchid men were examined, testis 
volume was not matched, and some studies have 
reported equivocal (13,22) or no (35) association. 


Previous Gonadotropin or 
Androgen Exposure 


Testicular exposure to endogenous gonadotropin 
secretion during puberty is associated with improved 
testicular response to subsequent gonadotropin or 
GnRH therapy. Spermatogenesis, pregnancy, and/or 
normal serum testosterone are more rapidly attained 
with appropriate treatment in adult gonadotropin- 
deficient men who have previously completed puberty 
spontaneously (11,12,17,23,28,126). These beneficial 
effects are not mediated solely by testis volume (12). 
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Furthermore, degree of pubertal development seems 
to define specific phenotypes (46). Although these data 
suggest that endogenous gonadotropin exposure 
primes the testis, the current studies do not exclude the 
possibility that pubertal completion is simply a marker 
of disease severity. 

Previous testicular exposure to exogenous gonad- 
otropin therapy at any age also results in more rapid 
attainment of sperm production (12) or pregnancy 
(13,121) with subsequent therapy, although improved 
response rates have not been observed in all studies 
(17). Indeed, this seems to be due, in part, to persis- 
tently increased testicular volume (12), providing 
additional evidence for a true testis priming effect. 
Another study reported that previous age-specific use 
of hCG for the induction of puberty reduced the dose 
subsequently required for testicular growth and tes- 
tosterone normalization (18). These data strengthen 
the hypothesis that previous gonadotropin exposure, 
whether due to natural puberty or prior gonadotropin 
treatment, actually primes the testis and results in 
enhanced spermatogenic response to subsequent 
gonadotropin therapy. Long-term gonadotropin ther- 
apy in adolescent males to induce spermatogenesis 
and androgenization has been attempted to mimic 
natural gonadotropin exposure at puberty (127,128). 
Recently, early postnatal treatment with recombinant 
human LH and FSH, has been used to mimic the early 
postnatal gonadotropin surge (129). These studies 
show that age-appropriate gonadotropin treatment is 
feasible, and suggest that chronologically appropriate 
testis growth and spermatogenesis may improve the 
prospect of future fertility (127,129). This concept is 
further supported by the greater delay in inducing 
spermatogenesis reported when treatment of acquired 
gonadotropin deficiency is delayed by more than two 
years (123). These approaches may become more wide- 
spread with the increased availability of recombinant 
FSH, although the greater cost and inconvenience of 
gonadotropins persists. A formal clinical trial examin- 
ing this hypothesis would be highly desirable, but 
would be a formidable undertaking. 

Prior androgen therapy does not preclude subse- 
quent response to gonadotropin therapy (130) and has 
no relationship with subsequent induction of sper- 
matogenesis, attainment of pregnancy, or testicular 
response (12,20,121); however, if age-appropriate 
gonadotropin exposure is beneficial, then androgen 
exposure may be detrimental insofar as it is an indica- 
tor of neglected gonadotropin use. 


O NONPREDICTORS OF RESPONSE 
Choice of Gonadotropin or 
Pulsatile GNRH Therapy 


As indicated by the above discussion, optimal gonado- 
tropin or GnRH therapy results in equivalent preg- 
nancy rates, and spermatogenic and testicular response. 
As illustrated in Figure 1, the same relationship 


between initial testicular volume and treatment dura- 
tion to induce spermatogenesis exists regardless of 
whether gonadotropin or pulsatile GnRH therapy is 
used. Direct comparisons between therapies have been 
performed in three studies (13,25,31), but none were 
randomized and one was retrospective (13). Differences 
in pregnancy outcome have never been reported and 
only one (24) of these three studies, recruiting only 18 
men who self-selected therapy, found that GnRH 
therapy was superior to gonadotropin therapy due to 
significantly faster onset of spermatogenesis and larger 
final testicular volume. Two separate single- case 
reports have also reported that pulsatile GnRH can 
successfully induce spermatogenesis and cause 
pregnancy after failed gonadotropin therapy (131,132). 
Although there is insufficient data to conclude that 
GnRH is more effective than gonadotropin therapy, a 
clinical trial of GnRH after failed gonadotropin therapy 
may be warranted if feasible. 


Cause of Gonadotropin Deficiency 


Larger studies have consistently reported that the 
cause of gonadotropin deficiency is not a significant 
predictor of spermatogenic endpoints (12,13,17,18). 
Smaller studies (fewer than five men) have variably 
reported hypopituitarism as being advantageous (27) 
or detrimental (34). Since hypopituitarism generally 
occurs postpubertally and is also associated with larger 
testicular volume (121), these other confounders must 
be adjusted for. Similar confounding variables may 
explain why various hypothalamic causes of gonado- 
tropin deficiency may differ in response to GnRH ther- 
apy (31). It therefore appears unlikely that the cause of 
gonadotropin deficiency is an important predictor of 
response if the effect of testicular volume and puberty 
are first accounted for. 


O CONCLUSION 


The induction of spermatogenesis with gonadotropin 
replacement in gonadotropin-deficient men has long 
been the prototype for successful management of male 
infertility. Indeed, the effectiveness of urinary gonado- 
tropins (12,13,16—20,22-28,34,35,133-135) in these men 
has long rendered placebo-controlled studies unethi- 
cal. Throughout this time, various gonadotropin regi- 
mens (subcutaneous vs. intramuscular and urinary vs. 
recombinant) have been available, differing in cost and 
convenience, but not in effectiveness. 

Methods to improve the effectiveness of treat- 
ment have been unsuccessful so far. The superiority of 
pulsatile GnRH therapy has not been definitively dem- 
onstrated, and hence the greater inconvenience is diffi- 
cult to justify. Furthermore, gonadotropin or GnRH 
dose escalation eventually becomes ineffective due to a 
ceiling in response. This fact combined with the unsuc- 
cessful attempts to apply these therapies more broadly 
to other causes of male infertility (7) suggest that, in 
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contrast to ovarian hyperstimulation, hormonal 
overdrive of spermatogenesis is not feasible. For these 
reasons, although the commercial availability of 
longer-acting, more conveniently administered, recom- 
binant gonadotropin analogues are anticipated, effec- 
tiveness is unlikely to be improved. Protein- or 
gene-based treatments to enhance the effect of gonado- 
tropin therapy may eventually be developed. Such 
research is highly desirable, and resultant therapies 
may have broad application to other causes of male 
infertility. 

In the meantime, vigilance is required to limit 
exposure to transmissible prion disease, since decades 
may elapse between infection and symptoms. The 
application of quantitative multivariate statistical 
methods in larger datasets should be encouraged to 
better quantify clinically useful time-dependent vari- 
ables and key predictors. Standard therapy needs to be 
continually reassessed to adjust for more accurate 
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O INTRODUCTION 


Family planning remains an important challenge for 
sexually active men and women. For women, a wide 
array of options has been made available to prevent 
pregnancies, including oral contraceptive pills, 
transdermal patches, subcutaneous implants, 
injectables that may be administered every month or 
as infrequently as every three months, intrauterine 
systems, vaginal rings, intravaginal spermicides, and 
female condoms. Recent surveys, however, have 
indicated that men would be willing to share family 
planning responsibilities, including the use of newly 
developed methods (1-3). Yet, the only approved and 
available methods of male contraception are using 
condoms and surgical vasectomy. It is clear to many 
interested parties that the development of new contra- 
ceptives should include a male focus (4). In fact, real 
progress has occurred in the past few years, with the 
most advanced and promising methods currently in 
development relying on the suppression of spermato- 
genesis via the exogenous administration of hormones. 
This chapter will describe the recent state-of-the-art 
progress in male hormonal contraception. 


O CURRENT METHODS 


Condoms offer dual protection against pregnancy and 
sexually transmitted infections. The failure rate of 
condom users is about 12% (5). Although condoms are 
recommended for use in casual sexual encounters and 
in environments where sexually transmitted infections 
are prevalent, they may not be acceptable to all couples 
in stable relationships. Further, while nonlatex 
condoms are preferred by subjects in comparison 
studies of the efficacy of latex and nonlatex condoms, 
the breakage rate is higher with nonlatex condoms, 
although the contraceptive efficacy appears to be 
similar (6). (For further information on sexually 
transmitted diseases, see Chapter 16.) 


The morbidity of surgical vas occlusion has 
decreased with the introduction of the no-scalpel 
vasectomy technique (7). Theoretically, vas occlusion 
is very effective, with a low failure rate of less than 1%. 
Recent prospective studies, however, have showed 
that the failure rate may be much higher, indicating 
that couples should receive appropriate counseling 
(8,9). The success of vas occlusion depends on the com- 
petence of the operator as well as on the method (10). 
Fascial interposition appears to result in lower failure 
rate (11). Cauterizing one of the vasal ends has also 
ensured effectiveness (12). Although percutaneous 
intravasal injection of occlusive substances and the 
placement of stents have both been tried, these methods 
have not shown advantages over standard methods 
and often have high failure rates. It is important to note 
that after vasectomy, the spermatozoa are not emptied 
instantaneously from the male accessory glands and 
the ejaculatory systems. Men are advised to use another 
method of contraception until 20 ejaculations or 12 
weeks have elapsed since the vasectomy date. A recent 
prospective study, however, has indicated that a 
greater number of ejaculations or more time is required 
for the spermatozoa to be fully cleared from the acces- 
sory glands and the ejaculatory system (13). 

Vasectomy is offered as an irreversible method. 
Although reanastomosis of the two cut ends is possible 
and is associated with high rates of spermatozoa 
reappearance, pregnancy rates remain much lower— 
presumably because of the development of antisperm 
antibodies associated with vas occlusion. (For further 
information on vasectomy and vasectomy reversal, see 
Chapter 34.) 


O HORMONAL CONTRACEPTION 
Basis of Hormonal Contraception 


Like the female hormonal methods that attempt to 
suppress ovulation, male hormonal methods are based 
on the suppression of hypothalamic gonadotropin- 
releasing hormone (GnRH) that in turn inhibits the 
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secretion and production of luteinizing hormone (LH) 
and follicle-stimulating hormone (FSH). LH normally 
stimulates the Leydig cells to secrete testosterone (T), 
resulting in a sufficiently high intratesticular T concen- 
tration to maintain spermatogenesis. FSH, through its 
receptors on the Sertoli cells within the seminiferous 
tubules, stimulates and maintains spermatogenesis. 
In all currently tested male hormonal methods, total or 
near-total suppression of both LH and FSH is required 
to produce the marked suppression of spermatogenesis 
required for azoospermia or near azoospermia (Fig. 1). 
Selective suppression of FSH by FSH immunization 
has not resulted in the severe decrease in sperm 
production. Similarly, experiments involving FSH 
receptor mutations in both mice and men did not 
produce a severe and uniform suppression of sper- 
matogenesis (14). 

Because LH suppression and the consequent 
marked reduction in endogenous T production are 
necessary components of male hormonal contraceptive 
methods, androgen supplementation is thus required 
to prevent hypogonadism. Androgen activity is 
necessary for patients to maintain normal sexual 
function, mood, muscle, and bone mass. The regimens 
of hormonal male contraception that have been tested 
include androgens alone (T alone) or androgens plus 
another gonadotropin suppressive agent such as 
progestin or a GnRH antagonist (T plus progestins). 
The details of the recent studies on various T alone or 
T plus progestins regimens have been reviewed 
(15-18). (For more information on the hormones of the 
male reproductive system, see Chapters 3 and 4.) 


Mechanisms of Action of Male 
Hormonal Contraception 


Studies indicate that hormonal male contraception 
relies on the marked suppression of FSH, LH, and 
intratesticular T. In the mature rat, intratesticular T 
deprivation, achieved by treatment with a GnRH 
antagonist (19,20) or exogenous T implants (21), caused 
stage-and cell-specific activation of germ-cell apoptosis, 
predominantly at stages VII and VIII of the rat 
spermatogenic cycle (19,20). The involvement of the 
intrinsic pathway signaling in male germ-cell apoptosis 
in rats after hormone deprivation has been demon- 
strated (22). The initiation of apoptosis is associated 
with a cell-type specific increase in the expression of 
the proapoptotic protein, Bax, involving only those 
germ cells undergoing apoptosis; this is accompanied 
by a marked decrease in levels of the antiapoptotic 
protein, Bcl-2. Other investigators have reported that 
failure of sperm release from the germinal epithelium 
may also contribute to decreased sperm output after 
FSH inhibition or T suppression (23). The use of a 
GnRH antagonist or T implants in monkeys resulted in 
inhibition of spermiation with a rapid and marked 
decrease in germ-cell development from type A pale 
spermatogonia and type B spermatogonia onward 
(24-26), demonstrating that suppression of FSH is 
essential to attain consistent azoospermia (27). 
Testicular samples obtained from human subjects 
participating in clinical trials of male contraceptive 
agents (T alone or T plus progestin) similarly showed a 
marked decrease in type B spermatogonia. Impairment 
of spermatogenesis from that stage onward and 
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Figure 1 Male hormonal contraception and the hypothalamic-pituitary—testis axis. Abbreviations: GnRH, gonadotropin-releasing hormone; 
FSH, follicle-stimulating hormone; LH, luteinizing hormone; T, testosterone. 


inhibition of spermiation were important determinants 
of sperm output (25,28,29). (For further information on 
spermatogenesis, see Chapter 5.) 


Efficacy of Male Hormonal Contraception 


To study whether hormonally induced azoospermia or 
severe oligospermia (arbitrarily defined as less than 3 
million sperm cells/mL of ejaculate) has contraceptive 
efficacy, the World Health Organization conducted 
two pivotal studies in the 1990s. In the first study, 
when azoospermia was induced by exogenous admin- 
istration of weekly testosterone enanthate (TE) injec- 
tions, the contraceptive efficacy was 0.8 per 100 
person-years (30). In the second study, when suppres- 
sion of spermatogenesis reached severe oligospermia 
with exogenous TE injections in 357 couples, the con- 
traceptive efficacy was 1.4 per 100 person-years. Four 
pregnancies occurred in the second study, with the 
pregnancy rate being proportional to the residual 
sperm concentration (31). This contraceptive efficacy 
rate is similar to those of currently available female 
methods of contraception such as injectables, pills, and 
patches. More recently, two studies demonstrated sim- 
ilar contraceptive efficacy utilizing undecanoate alone 
(32) and T pellets with depot medroxyprogesterone 
acetate (DMPA) injections (33). 


Androgens-Alone Regimens 
Testosterone 


Various androgen preparations have been used alone 
for the suppression of spermatogenesis, including 
early studies performed with weekly or bi-weekly 
injections of TE and implantable T pellets, both of 
which demonstrated suppression of spermatogenesis 
to severe oligospermia in most men (Table 1) (30,31,34). 
Weekly intramuscular injections and the insertion of 
implants every four months, however, were not 
considered acceptable and practical methods. T patches 
did not deliver adequate androgens to allow for 
adequate suppression of spermatogenesis (35). 

The most promising androgen preparation 
currently being tested is T undecanoate (TU). Oral TU 
has been available for the treatment of hypogonadal 
men for many years in Europe, Asia, and Canada, 
as well as in many other regions. TU administered 
intramuscularly in oil was first used by Chinese investi- 
gators for T replacement in hypogonadal men (36). 


Table 1 Androgens in Male Contraception 


Oral T T undecanoate (not efficacious) 
Buccal T Not yet tested 
Injectables TE 
TU 
Implants T 
MENT 
Transdermal Patches—not efficacious 


Gels—not yet tested 


Abbreviations: T, testosterone; TE, testosterone enanthate; TU, testo- 
sterone undecanoate; MENT, 7-c-methyl-19 nor-testosterone. 
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Subsequently, the intramuscular administration of TU 
at a dose of 1000 mg every 12 weeks has been shown to 
provide adequate androgen replacement for hypogo- 
nadal men (37,38). When TU was administered to 
normal Chinese men at a dose of 500 mg or 1000 mg 
every four weeks, azoospermia was induced in most of 
the subjects (39). Subsequently, Gu et al. administered 
1000 mg of TU as a loading dose followed by 500 mg 
every four weeks intramuscularly to over 300 couples 
(32). Azoospermia or severe oligospermia was achieved 
in 95% of the men. When the couples used only this 
method for contraception, no pregnancy occurred. 
Currently, there is an ongoing Phase II study that aims 
to test the same TU regimen for two years on a large 
scale of 1000 male recruits in China. Studies in non- 
Asian men showed that TU administered at 1000 mg 
every six to eight weeks resulted in azoospermia in 
about 50% to 60% of subjects, and severe oligospermia 
in 80% to 90% of subjects (40). 


Potential Adverse Effect of Androgens 


In these short-term androgen-alone regimens, the 
adverse events are few and related to the dose of 
androgen administered. Acne and weight gain were 
present in the early studies of TE. With long-acting T 
esters, the side effects are related to androgen actions, 
including an increase in hematocrit/hemoglobin and a 
decrease in high-density lipoprotein (HDL) cholesterol. 
These side effects are usually mild and rarely lead to 
discontinuation from the clinical trials. If any, the long- 
term adverse effects of androgens in younger men on 
the prostate or the cardiovascular system are not 
known. Long-term epidemiological studies will be 
able to address these questions only when a male 
hormonal contraceptive becomes available to the 
public. Based on current knowledge, however, a lower 
androgen dose is presumed to be associated with fewer 
short-term side effects. 


Androgens with Selective Actions 


Androgens with more selective actions have been stud- 
ied for male contraceptive development. For example, 
the selective androgen 7-co-methyl-19-nortestosterone 
(MENT) is not converted by 5-o-reductase to dihy- 
drotestosterone (DHT). In rodents and monkeys, 
MENT is about 10 times more potent than T in sup- 
pressing gonadotropins, and only four times more 
efficacious than T in supporting unwanted prostate 
growth in castrated animals (41,42). Subcutaneous 
implants of MENT can maintain sexual function but 
are unable to maintain bone mass in comparison to TE 
(43,44). With four subcutaneous implants of MENT, 
sperm concentration was suppressed after six months 
of treatment to azoospermia and severe oligospermia 
in 64% and 82% of men, respectively, without any 
change in serum prostatic-specific antigen levels or 
prostate volume (45). When the subjects were followed 
for longer periods, all became oligospermic, and five 
out of six men remained azoospermic. The efficacy of 
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MENT alone or in combination with progestogens in 
male contraceptive studies must still be confirmed 
with larger, multicenter studies. 

To date, many pharmaceutical companies are 
developing tissue-selective androgen-receptor modu- 
lators (SARMs) that may be steroidal or nonsteroidal 
compounds. The steroidal compounds are designed to 
have less stimulatory effects on prostate growth while 
still being aromatizable, thus conferring the beneficial 
effects of estrogens on bone and lipid profiles. The 
nonsteroidal SARMs are neither aromatizable nor 5-a- 
reduced, but may have selective action on tissues. If it 
possible to develop selective gonadotropin-suppressing 
SARMs that can maintain androgenic effects on sexual 
function, bone, muscle, and mood without stimulating 
the prostate, these SARMs would be the ideal androgens 
for male hormonal contraception and the treatment of 
male hypogonadism. 


Variation in Responsiveness to 
Exogenous Androgens 


In the multicenter androgen-alone studies, it was noted 
that azoospermia was achieved in over 90% of Asian 
men as against approximately 60% of non-Asian men 
(30,31). These observations have been confirmed in 
studies utilizing androgens plus progestins (46). The 
reason for the differences in the suppression of sper- 
matogenesis in response to exogenous hormones is not 
known. When exogenous T was administered to both 
Asian and non-Asian men, serum LH pulse amplitude 
suppressed at a lower dose of T in Asian men, suggest- 
ing that their GnRH-LH axis may be more sensitive to 
exogenous T (47). The clearance of T is not different 
between Asian and white men but T production rates 
may be slightly lower in Asian men (48,49). It has been 
shown that Asian men have a smaller average testis 
volume and seminiferous tubular volume, and fewer 
number of Sertoli cells, all of which are associated with 
an increased basal apoptotic rate of germ cells (50). 
Other researchers have shown that 5-o-reductase 
activity may be higher in those who failed to achieve 
near-complete suppression of sperm concentrations in 
semen, allowing DHT to maintain residual spermato- 
genesis (51). It has also been demonstrated that longer 
CAG repeats in exon 1 of the androgen receptor are 
more common in nonresponders, indicating lower 
androgen receptor activity in men who failed to 
demonstrate severe suppression of spermatogenesis to 
hormones administered exogenously (52). 

Because of the smaller inhibitory response of 
non-Asians to androgen-alone male contraceptive 
regimens, it is generally thought that the addition of 
another gonadotropin-suppressive agent would be 
necessary to achieve more significant suppression of 
spermatogenesis in most men. 


Androgens and Progestins 


Table 2 lists the combination of androgens and pro- 
gestins that have undergone testing in more recent 


Table 2 Androgen and Progestin Combinations 


Progestins Androgens 
Injectables 

DMPA +TE 
+TU? 
+pellets 
+19 nortestosterone 

NET-EN +TU? 

Oral 

LNG +TE 
+TU? 
+T patch 
+DHT gel 
+T pellets 

DSG +TE 
+T pellets 
+MENT 

Implants 

ENG +T pellets 

+TU? 

LNG +TE injections 
+T pellets 
+TU? 

Agents with antiandrogen activity 

CPA +TE 

+TU oral 


alntramuscular injection. 

Abbreviations: CPA, cyproterone acetate; DHT, dihydrotestosterone; 
DMPA, depot medroxyprogesterone acetate; DSG, desogestrel; 
ENG, etonogestrel; LNG, levonorgestrel; MENT, 7-a-methyl-19 nor- 
testosterone; NET-EN, norethisterone enanthate; T, testosterone; TE, 
testosterone enanthate; TU, testosterone undecanoate. 


clinical trials. Reviews of these androgen- and plus- 
progestin studies have been published (16-18). These 
include oral levonorgestrel (LNG) and desogestrel 
(DSG), injectables such as DMPA and norethisterone 
enanthate (NET-EN), and implants of LNG and DSG 
[etonogestrel (ENG)]. These studies, conducted in both 
Asian and non-Asian men, indicate that the addition of 
a progestin to an androgen induces more rapid sup- 
pression of spermatogenesis, with greater than 90% of 
non-Asian men becoming azoospermic with some 
combinations (e.g., NET-EN plus TU, DMPA plus T 
pellets, and oral DSG with TE). The addition of proges- 
tins primarily acts to suppress GnRH and the gonado- 
tropins, although recent studies suggest that progestins 
may also have direct actions on the testis. Addition of 
androgenic oral progestins such as LNG and DSG 
results in weight gain and greater suppression of HDL 
cholesterol and serum sex hormone-binding globulin 
than androgen-alone regimens. 

One of the most promising combinations may be 
that of TU plus NET-EN, given as an injection every six 
to eight weeks. In studies involving a small number of 
men, this combination of steroids resulted in over 90% 
of men achieving azoospermia, with severe oligosper- 
mia in the remainder (53,54). TU is also being studied 
in combination with ENG implants as an injectable 
preparation given every 10 to 12 weeks, designed to 
release adequate ENG for suppression of gonadotro- 
pins in men. Single or double ENG implants are also 
being tested in combination with T pellets and with 


MENT implants. LNG implants have also been tested 
with T and MENT implants. 

All of these studies have the objective of develop- 
ing either a practical bimonthly injectable or a yearly 
implant system for men. Although the oral progestins 
are very potent and active, at present, there is no oral T 
preparation that can be used with these oral progestins. 
An orally active, potent androgen without significant 
adverse effects is yet to be developed for achieving the 
goal of having a male equivalent of the female “pill.” 
Combinations of androgen plus progestin in a trans- 
dermal application have not yet been tested. 


Progestins with Antiandrogenic Activity 


The progestin cyproterone acetate (CPA) has antian- 
drogenic effects. A study with a small number of men 
showed that when CPA was used in combination with 
TE, the resulting suppression was sufficient to induce 
azoospermia in all subjects. When TE injections were 
substituted with oral TU, however, the suppression of 
spermatogenesis was incomplete (55,56). 


Role of Androgens in Progestin—Androgen 
Combinations 


When LNG implants were used in combination with 
transdermal T patches, azoospermia occurred in about 
25% of the men. This percentage was markedly 
increased when TE injections were administered with 
LNG implants (35). These studies indicate that the 
androgen component in the androgen—progestin 
combination plays an important role in the inhibition 
of gonadotropins and enhances the contraceptive 
efficacy of progestins in addition to providing androgen 
supplementation. 


GnRH Antagonists and Androgens 


Although GnRH agonists are very safe, they fail to sup- 
press LH and FSH levels consistently enough to induce 
complete inhibition of spermatogenesis even with high 
doses or continuous infusions (57-59). In contrast, 
GnRH antagonists are extremely effective in suppress- 
ing the secretion of both LH and FSH as they completely 
block GnRH action. In combination with androgens, 
GnRH antagonists suppress sperm production to 
achieve azoospermia in most men (60-62). The earlier 
GnRH antagonists, however, produced the unwelcome 
side effects of local skin reaction when administered 
subcutaneously. The recently synthesized GnRH antag- 
onist acyline, however, does not appear to have this 
problem, and when administered at a relatively high 
dose, it can maintain suppression of the gonadotropins 
for about 14 days (63). Currently, acyline is being devel- 
oped for male contraception by the National Institutes 
of Health. Because GnRH antagonists are expensive to 
synthesize, a more user-friendly, long-acting delivery 
system is also under development. Several pharma- 
ceutical companies are also developing nonpeptide 
antagonists via receptor drug modeling methods. 
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The potential for the oral activity of these agents may 
be a great contribution to the development of male 
contraceptive methods. 


Maintenance of Spermatic Suppression 
with Androgens Alone 


Another theoretical approach examines whether the 
GnRH antagonist plus androgen-induced suppression 
of spermatogenesis can be maintained by androgens 
alone. If maintenance of suppression can indeed be 
achieved with androgens alone, this approach may 
offer considerable advantages in terms of less long- 
term steroid exposure for men and the overall economy 
of a treatment that only employs a single agent. 
Swerdloff et al. showed that when severe oligospermia 
is induced by a potent GnRH antagonist (Nal-Glu 
GnRH) and TE injections, the suppression can be main- 
tained for four months with TE injections alone (64). 
Other studies using 19 nor-T alone, however, failed to 
maintain the suppression of spermatogenesis to 
azoospermia induced by the same regimen (65). 


Reversibility of Hormonal Male 
Contraception 


A recent integrated multivariate time-to-event analysis 
of data from individual participants in 30 studies 
published between 1990 and 2005 demonstrated full 
reversibility of male hormonal contraception within a 
predictable time course. The typical probability of 
recovery of 20,000,000 sperm/mL of semen was 67% 
within 6 months, 90% within 12 months, and 100% 
within 24 months (66). 


CO NONHORMONAL MALE CONTRACEPTION 


Gossypol, a derivative from cottonseed oil, has been 
found to be a very effective oral contraceptive in 
China. Because of its direct action on germ cells, how- 
ever, men treated with gossypol may sustain irreversi- 
ble infertility (67). In some men, gossypol also led to 
hypokalemic paralysis. A second compound derived 
from the root of Tripterygium wilfordii and aptly 
named “triptolide” was initially thought to reduce 
sperm motility via direct actions on the epididymis; 
however, long-term studies in rodents have showed 
that triptolide has toxic effects on the germinal epithe- 
lium with the potential to cause irreversible infertility 
as well (68). 

Lonidamine is a nonsteroidal antispermatogenic 
agent with direct effects on the germinal epithelium. 
An analog of lonidamine has been studied that also 
works on the germinal epithelium, but without the 
toxic effects of lonidamine on the kidney and liver 
(69,70). These agents are currently being tested in 
animal models. 

Most recently, alkylated imino sugars were 
reported to have contraceptive activity in mice (71). 
When these imino sugars were administered orally in 
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mice, epididymal sperm were discovered to have 
abnormal heads, acrosome reaction was blocked, 
and sperm motility was reduced. These mice became 
infertile three weeks after dosing was initiated, 
implicating an effect on mature sperm via interfer- 
ence with the biosynthesis of glucosylceramide-based 
sphingolipids. 

There has also been research to identify possible 
novel targets in spermiogenesis and sperm maturation 
in the epididymis. These protein targets, including 
receptors, ligands, enzymes, and ion channels, are 
excellent targets for drug development (4). The func- 
tional roles of these targets can be tested in knockout 
or knock-in mouse models. Although many laboratory 
discoveries have since been made, these potential 
targets will not be available for clinical testing for the 
next 10 to 20 years. 


O CONCLUSION 


The currently available male-controlled methods of 
contraception consisting of condoms and vasectomies 
are not acceptable to many couples. Male hormonal 
contraceptive methods may be the most promising for 
men and women in stable relationships who desire 
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family planning or spacing. For Asian men, androgen- 
alone methods may be adequate for suppression of 
spermatogenesis. In non-Asian men, androgens in 
combination with a progestin or GnRH antagonist 
appear to be more effective. It is anticipated that within 
the next 7 to 10 years, an injectable male contraceptive 
and possibly implants may become available. 
Improvements in delivery systems and the availability 
of SARMs and nonpeptide GnRH antagonists may 
result in male contraceptives that are affordable, safe, 
generally available, reversible, and user-friendly. 
Research efforts are directed toward identifying targets 
that regulate spermatogenesis, spermiogenesis, or 
sperm maturation and motility that can be developed 
into drugs for male contraception. 
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O INTRODUCTION 


The term “retrograde ejaculation” (RE) refers to a con- 
dition in which failure of bladder neck closure results 
in the retrograde flow of semen into the bladder. This 
is an uncommon cause of infertility, accounting for 
only 1% of male-factor cases. RE can result from a vari- 
ety of causes. The purpose of this chapter will be to 
review the anatomy and physiology of ejaculation, 
examine the different etiologies of RE, and discuss 
current treatment options in light of the recent advances 
in assisted reproductive technologies (ART). 


O ANATOMY AND PHYSIOLOGY 


There are two phases of ejaculation. During the initial 
phase coined “emission,” semen is deposited into the 
posterior urethra. Emission is under the control of the 
sympathetic nervous system: afferent stimuli from the 
genitalia travel via the pudendal nerve to the cerebral 
cortex. Efferent impulses travel by way of the antero- 
lateral columns to the sympathetic nerves, T12 to L3. 
Through the hypogastric nerve, impulses cause the 
contraction of the vas deferens, seminal vesicles, and 
prostate gland, as well as bladder neck closure. These 
two simultaneous events governed by the sympathetic 
nervous system result in emission of the ejaculate into 
the posterior urethra. 

During the second phase, propulsion, semen is 
propelled out of the posterior urethra. Normal propul- 
sion occurs in an antegrade direction and results from 
(i) bladder neck closure and (ii) a strong contraction of 
the bulbospongiosus and perineal muscles. The latter 
is under the control of the parasympathetic nervous 
system: impulses travel via the parasympathetic out- 
flow of S2 to S4 to the internal pudendal nerve. 
Stimulation of the internal pudendal nerve results in 
contraction of the bulbocavernosus and the deep and 
superficial perineal muscles, resulting in expulsion of 
the ejaculate. If there is failure of the sympathetic 
nerves to effect bladder neck closure, the contraction of 
perineal and bulbospongiosus muscles will result 
in retrograde flow of the ejaculate into the urinary 


bladder, thereby causing RE. (For further details on the 
anatomy and physiology of ejaculation, please refer to 
the chapters in Part I.) 


O ETIOLOGY 


A careful history will often reveal the etiology of RE 
and will help guide the treatment plan. Table 1 sum- 
marizes the different conditions that can result in RE. 
This discussion will be limited to the five most common 
causes of RE. 

Transurethral prostatectomy (TURP) remains the 
most common surgical cause of RE. In this procedure, 
the hyperplastic tissue in the center of the prostate 
gland is removed by endoscopic resection. This results 
in a large opening at the bladder neck, which may tem- 
porarily or permanently alter effective coaptation. It 
has been reported that between 40% and 95% of 
patients who undergo TURP will have RE (1,2). For 
this reason, in young men with bladder outlet obstruc- 
tion due to an enlarged prostate gland, transurethral 
incision of the prostate (TUIP) is the recommended 
procedure-of-choice. In TUIP, two incisions are made 
in the bladder neck extending from the ureteral orifices 
toward the verumontanum (posterior urethra). Because 
there is no removal of prostatic tissue, the procedure is 
associated with RE in less than 5% of men (3). (For fur- 
ther details on prostate cancer, see Chapter 41.) 

In the past, retroperitoneal lymph node dissec- 
tion (RPLND) for testis cancer was a common reason 
for RE and other ejaculatory disturbances (4), as 
RPLND involves the dissection of lymphatic tissue 
along the sympathetic chains bilaterally. Since most 
men undergoing lymphadenectomy for testis cancer 
are in the reproductive age group, ejaculatory dysfunc- 
tion presented a major problem. Modifications to 
RPLND were first proposed in the early 1980s by 
Narayan et al. (5). By preserving the sympathetic chain 
on one side below the level of the inferior mesenteric 
artery, ejaculation continued to be antegrade in approx- 
imately half of the patients. Richie (6) reported 94% 
antegrade ejaculation postoperatively in a prospective 
study of 85 men with clinical stage I nonseminomatous 
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Table 1 Etiologies of Retrograde Ejaculation 


Anatomical 
Congenital 
Posterior urethral valves 
Utricular cyst 
Extrophy or hemitrigone 
Acquired 
Transurethral resection of the prostate 
Retropubic prostatectomy 
Y-V plasty 
Pelvic trauma 
Neurogenic 
Spinal cord lesions 
Surgical injury 
Lumbar sympathectomy 
Retroperitoneal lymphadenectomy 
Aortoiliac surgery 
Abdominoperineal resection 
Neuropathies 
Diabetes mellitus 
Multiple sclerosis 
Pharmacological 
a-adrenergic blockade 
Phenoxybenzamine 
Prazosin 
Terazosin 
Peripheral sympatholytics 
Guanethidine 
Ganglion blockers 
Hexamethonium 
Antipsychotics 
Chlorpromazine 
Haloperidol 
Mechanical obstruction 
Urethral stricture 
Meatal stenosis 
Urethral valves 
Urethrocele 
Idiopathic 


germ cell tumors who had undergone the modified 
RPLND. 

Lumbar sympathectomy is performed in patients 
who are symptomatic from excessive sympathetic 
output. The consequences of sympathectomy may 
range from RE in less-extensive cases to total ejacula- 
tory failure when bilateral sympathetic chains are 
destroyed from T8 to L3 (7). 

Presacral nerve damage caused by aortoiliac sur- 
gery or abdominoperineal resection can also result in 
RE. When care is taken to preserve the presacral nerves 
in aneurysmectomy, antegrade ejaculation is retained 
in 90% of patients (8). 

Diabetes mellitus has been associated with RE, 
probably due to a peripheral neuropathy involving 
the bladder neck. Diabetic neuropathy may also be 
associated with erectile dysfunction and ejaculatory 
failure. 

Pharmacological agents may also lead to RE. Any 
medication that disturbs a-adrenergic receptors at the 
bladder neck may be a culprit. The most common of 
these is the class of antihypertensive medications 
known as o-blockers, which are currently prescribed 


for the treatment of obstructive urinary symptoms due 
to benign prostatic hyperplasia. Certain antipsychotic 
agents have also been associated with RE. A partial 
list of medications associated with RE is provided in 
Table 1. 


O DIAGNOSIS 


RE should be suspected in men with low-volume ejac- 
ulates and any of the aforementioned underlying con- 
ditions. It should be noted, however, that the most 
common reason for a low-volume ejaculate in the 
absence of the medical conditions listed above is a 
sampling error. Men who consistently make a low- 
volume specimen through masturbation should be 
encouraged to collect via condom during sexual 
intercourse. 

Because the seminal vesicles contribute most of 
the ejaculate volume, ejaculatory duct obstruction and 
absent or atretic seminal vesicles are also common 
explanations for low-volume ejaculate. To differentiate 
these conditions from RE, a postejaculate urine sample 
is obtained. The patient is asked to empty his bladder 
into a container immediately after intercourse or mas- 
turbation. The urine is centrifuged at 300 g for 10 min- 
utes and the pellet is examined under 40x power 
magnification. If the patient has absent sperm in his 
antegrade ejaculate, the presence of 6 to 10 sperm per 
high power field confirms the diagnosis of RE. If the 
patient has a low-volume ejaculate and low sperm con- 
centration, the presence of a higher concentration of 
sperm in the postejaculatory urine than the ejaculated 
specimen confirms a significant component of RE. If 
the patient has low-volume azoospermia and no sperm 
are recovered from the urine, a transrectal ultrasound 
should be performed to evaluate for ejaculatory duct 
obstruction. A low-volume ejaculate with oligosper- 
mia and no sperm in the postejaculatory urine suggests 
absent or atretic seminal vesicles, and, again, a tran- 
srectal ultrasound is indicated. 


O TREATMENT 


Several different treatment options have been pro- 
posed for RE. These are summarized in Table 2. The 
primary treatment is sympathomimetics to restore 
bladder neck closure. Several a-adrenergic medica- 
tions have been used. Until recently, the most common 
was phenylpropanolamine hydrochloride (Omade), 
25 mg twice daily (9-12). Reports of hemorrhagic 
stroke associated with the first-time use of phenylpro- 
panolamine hydrochloride may make this a less-attrac- 
tive alternative, however (13). Oxedrine (Synephrine, 
Boehringer Ingleheim, Ridgefield, Connecticut) has 
been effective in a single dose of 15 to 60 mg (14,15). 

Anticholinergics have also been used success- 
fully, the most common being brompheniramine 
maleate (Dimetane), 8 mg twice daily (16). 


Table 2 Methods for Restoring Antegrade Ejaculation 


Medications 
a adrenergics 
Imipramine 25 mg by mouth 2-4 times daily 
Phenylpropanolamine HCI by mouth twice daily 
Ephedrine 25 mg by mouth 4 times daily 
Pseudoephedrine 60 mg by mouth 4 times daily 
Pseudoephedrine (sustained release) 120 mg dailyx4 days 
Anticholinergics 
Brompheniramine maleate 
Other 
Imipramine 
Surgical treatment 
Abrahams vesical neck reconstruction 
Young—Dees procedure 


Imipramine (chlorpropamide hydrochloride) 25 
to 50 mg daily has also been used successfully (17-20). 
Although the precise mechanism by which imipramine 
works is unknown, it appears to have both anticholin- 
ergic and o-adrenergic properties. 

When RE is the result of bladder neck surgery, 
bladder neck reconstruction has been suggested. Two 
procedures have been proposed to correct bladder 
neck dysfunction. The first is the Young—Dees proce- 
dure, which involves fashioning a 1.5 cm strip of pos- 
terior urethral mucosa over a catheter to create a new 
bladder neck. The prostatic mucosal remnant is 
stripped and the denuded prostatic and posterior ure- 
thral muscles are imbricated over the urethral recon- 
struction (21). 

A second procedure, proposed by Abrahams et 
al., involves a transvesical approach to the bladder 
neck. A U-shaped incision is made at the bladder 
neck through the mucosa beginning at 8 o’clock and 
ending at 4 o’clock. The mucosa is elevated for 1 cm 
into the prostatic urethra and incised. The scar tissue 
is removed and four zero-chromic catgut sutures are 
used to close the defect. The vesical sphincter is 
reconstructed to the diameter of a 16-Foley catheter. 
In their small series, Abrahams et al. reported that 
antegrade ejaculation was restored in two patients 
who had previously undergone Y-V plasty of the 
bladder neck (22). 

Improved sperm recovery techniques combined 
with the success of ART today have rendered surgical 
treatment for RE of historic significance only. 


O SPERM RECOVERY AND USE IN 
ASSISTED REPRODUCTION 


When antegrade ejaculation cannot be restored medi- 
cally, it may be necessary to use spermatozoa from the 
bladder. The obvious limitation is the deleterious effect 
of acidic urine on sperm quality. Due to the contribu- 
tion of an alkaline secretion from the seminal vesicles, 
the fresh ejaculate maintains a pH ranging from 7.2 to 
8.2, and an osmolarity ranging from 300 mOsm/kg to 
380 mOsm/kg. Acidification causes immobilization of 
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spermatozoa, while exposure to hypertonic urine can 
lead to disruption of the cell membrane. These effects 
are duration dependent. Makler et al. observed that 
neutralization of the pH is therefore not sufficient to 
restore motility and should be accompanied by adjust- 
ments in osmolarity as well (10). The pH of the medium 
can be adjusted with NaOH to be alkaline, while serum 
albumin may be used to buffer pH fluctuations. 

Different protocols have been proposed to obtain 
the optimal sample from the patient with RE. One of 
the earliest, proposed by Hotchkiss in 1955, involves 
passing a catheter into the patient’s bladder after he 
has urinated to wash the bladder with a buffer solu- 
tion. Two milliliters of buffer are left in the bladder 
and the patient masturbates. The bladder is catheter- 
ized again to retrieve the specimen, which is prepared 
as above (23). 

To avoid catheterization, Urry et al. (24) sug- 
gested giving patients two tablets of sodium bicarbon- 
ate in a glass of water every two hours, beginning 8 to 
12 hours before sperm recovery. Thirty minutes to one 
hour before insemination, the husband is asked to 
empty his bladder, ejaculate via masturbation or inter- 
course, and then urinate. The latter urine sample is col- 
lected and diluted with modified Ham’s F-10 medium 
(Gibco, Grand Island, New York, U.S.) at a ratio of one 
to two parts medium per one part urine. Samples are 
gently mixed and centrifuged at 250 g for 10 minutes. 
Extra care is taken since spermatozoa from retrograde 
ejaculates are more fragile. The supernatant is removed, 
and the pellet is resuspended in 0.5 to 1 mL of Ham’s 
F-10 medium. Urry et al. reported pregnancies in six of 
seven patients treated with this technique. 

Brassesco et al. (25) used a different protocol that 
involved adjusting the pH and osmolarity of the urine 
the day of insemination only. They instructed the 
patient to drink a solution containing sodium bicar- 
bonate 4 gm in 250 mL of water on the day of insemi- 
nation. The patient would void every 15 minutes 
thereafter, and the urine pH and osmolarity were 
determined. When a pH between 6.5 and 8.0 and an 
osmolarity between 300 and 500mOsm/kg were 
reached, the patient was instructed to masturbate and 
then urinate. This protocol has the advantage of no 
catheterization for sperm recovery, and no preparation 
prior to the insemination day. With this technique and 
using three intracervical inseminations per cycle, the 
authors reported pregnancies in seven couples. 

An even more simplified approach is suggested 
by a case report, in which a couple achieved a preg- 
nancy through self-inseminations with semen collected 
through urination (26). In this case, the husband had 
RE secondary to bladder neck surgery as a child. Just 
prior to insemination, the patient was asked to mastur- 
bate and then urinate. In the urine-semen mixture, the 
unliquefied semen was identifiable as a gelatinous 
mass measuring 2 mL in volume. This mass was easily 
aspirated into a syringe, and the couple used the 
specimen for intravaginal insemination at home. Of 
note, because the semen was retrieved from the urine 
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immediately, no adjustments in bladder pH or osmo- 
larity were necessary. Using this technique, the couple 
achieved a pregnancy after their fifth cycle of 
inseminations. 

Based on reports such as these, the authors no 
longer require alkalinization in RE patients prior to 
sperm procurement, provided the exposure to urine is 
limited. In patients for whom bladder catheterization 
is necessary, alkalinization is not advised. Similarly, in 
patients who “urinate” their ejaculate, alkalinization is 
not advised provided the specimen can be processed 
within 30 minutes of production. Only in rare instances, 
when a specimen is expected to remain exposed to 
urine for greater than 30 minutes, is alkalinization 
recommended with one of the regimens described 
above. This approach has simplified considerably the 
management of patients with RE. 


O RESULTS 


Few centers report separate pregnancy success rates in 
couples with RE. One of the few reports in the litera- 
ture is by Okada et al. and describes seven men with 
RE treated with a variety of methods (27). In their small 
series, three men achieved antegrade ejaculation with 
imipramine, while three additional patients required 
retrieval of sperm from the bladder after alkaliniza- 
tion. Further, two patients achieved pregnancies with 
intercourse after imipramine, one patient achieved a 
pregnancy with artificial insemination, and two 
required in vitro fertilization (IVF) to achieve a preg- 
nancy. Of the remaining two patients, one was unmar- 
ried and the other failed IVF with intracytoplasmic 
sperm injection (ICSI). Since the wife of this latter 
patient was 42 years of age, additional treatment was 
not pursued. Although this series is small, it illustrates 
the importance of making available a variety of assisted 
reproductive techniques depending on the quality of 
the sperm retrieved. 


O A RATIONAL APPROACH TO ACHIEVE 
PREGNANCIES IN RE 


Patients with RE have presented a challenge to fertility 
specialists for years. Procuring optimal quality semen 


Table 3 Rational Approach to Treating the Infertile Couple 
with Retrograde Ejaculation 


m Restore antegrade ejaculation pharmacologically when 
possible. 

m Obtain voided postejaculate urine when antegrade 
ejaculation cannot be restored. 

™ Catheterize bladder after alkalinizing, if voided specimen 
unsatisfactory. 

m |f5 million or greater total motile sperm, proceed to 
intrauterine insemination. 

m Less than 5 million total motile sperm, consider in vitro 
fertilization/intracytoplasmic sperm injection. 


with the least inconvenience to the patient requires a 
thorough understanding of the physiology of ejacula- 
tion and the available armamentarium for treatment. 
A rational approach combines effective sperm retrieval 
with the appropriate assisted reproductive technique. 

ICSI has not changed the basic approach to sperm 
procurement in men with RE. The specimen can be 
retrieved from voided urine or through catheteriza- 
tion. The development of ICSI as a highly successful 
reproductive technique has allowed for the use of 
extremely poor-quality semen specimens for fertiliza- 
tion in vitro. 

A rational approach to the patient with RE is 
summarized in Table 3. One should start with efforts 
to restore antegrade ejaculation by pharmacological 
means. When such measures fail, or if drugs cannot be 
tolerated (such as the patient with hypertension in 
whom a-adrenergic medications are contraindicated), 
retrieval of sperm from postejaculatory urine is the 
next step. Depending on the quality of the sperm 
obtained, that specimen can be used for artificial 
insemination or IVF. Most practitioners feel that 5 mil- 
lion total motile sperm are adequate for intrauterine 
insemination. A lower number constitutes a relative 
indication for IVF in most centers. Other factors relat- 
ing to the female partner should be elucidated prior to 
such decisions. This is one of several conditions where 
a team approach, consisting of a reproductive urolo- 
gist, a reproductive endocrinologist, and a quality 
andrology laboratory, allows for optimal management. 
Patients with RE should be counseled that in the 
absence of additional major infertility factors, the prog- 
nosis for a pregnancy is excellent. 
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O INTRODUCTION 


The treatment of male infertility will often involve 
surgical therapy. Additionally, surgery allows diag- 
nostic information to be gathered regarding the cause 
and prognosis for treatment success. For azoospermic 
men, surgical sperm retrieval may be required to allow 
successful treatment with assisted reproduction. Surgical 
treatment of male infertility can be very successful at 
providing high rates of pregnancy and is typically more 
cost-effective than alternative forms of treatment such 
as assisted reproduction procedures alone. 


O TESTIS BIOPSY 


A testis biopsy is performed to determine whether 
obstruction is present for an azoospermic man with 
palpable vasa deferentia. Testis biopsy can also pro- 
vide some, but not absolute, diagnostic information for 
men with nonobstructive azoospermia (NOA). Only 
men with a serum follicle-stimulating hormone (FSH) 
level that is less than three times the upper limit of 
normal levels will have normal sperm production. 
Azoospermic men with small or soft testes are highly 
unlikely to have sperm production, but some of these 
men have limited foci of spermatogenesis that can pro- 
vide sperm for assisted reproduction. In the authors’ 
experience, all men with congenital absence of the vas 
deferens, normal serum FSH levels, and normal volume 
testes (greater than 15 cc) had sperm production, obvi- 
ating the need for diagnostic biopsy. Biopsy should be 
performed on both testes, since substantial differences 
in sperm production may be present without a palpa- 
ble difference in the testes. 

A second relative indication for testis biopsy is 
for the evaluation of azoospermic men with presumed 
abnormal production. These men with NOA will have 
soft or small testes and an elevated FSH level in most 
cases. Although these patients are not expected to have 
reproductive tract obstruction, in selected cases, sperm 
may be retrieved from the testis and used with assisted 


reproduction techniques such as intracytoplasmic 
sperm injection (ICSI). A biopsy may be of value in 
providing some prognostic information on which 
patients are candidates for ICSI. Unfortunately, a diag- 
nostic biopsy is performed randomly and evaluates 
only 5 to 10 of the highly coiled seminiferous tubules 
within the testis. Subsequent attempts at sperm 
retrieval are dependent on finding the most advanced 
spermatogenic pattern of production in the 600 to 1000 
tubules present within each testis. An initial, random 
diagnostic biopsy that demonstrates at least one sper- 
matozoon predicts the subsequent finding of sperm on 
attempted testicular sperm extraction (TESE) in over 
80% of patients (1). The observation of at least germ 
cells (spermatogonia or spermatocytes) on diagnostic 
biopsy predicts subsequent sperm retrieval with TESE 
for about 50% of patients (1). In all cases, the chance of 
sperm retrieval is determined by the most advanced 
pattern of sperm production on diagnostic biopsy, not 
the predominant pattern. For men who have only 
tubules with Sertoli cells in their lumen, the chance of 
sperm retrieval from another area of the testis is at least 
25% (1). Therefore, the prognostic value of a diagnostic 
biopsy in NOA is limited. 

Diagnostic information on the status of spermato- 
genesis is most reliably determined on evaluation of a 
thin-sectioned, stained, fixed tissue specimen. 
Adequate specimens for tissue evaluation can be 
obtained by open biopsy, needle biopsy, or, occasion- 
ally, fine needle aspiration (FNA). Given the potential 
inadequacy of needle biopsy or FNA, with the atten- 
dant risks to the vasculature of the testis, the open 
biopsy technique is preferable. The biopsy should be 
performed prior to reconstruction (rather than simul- 
taneous to vasoepididymostomy), so that a definitive 
analysis of sperm production is possible on fixed 
sections prior to further exploration. In addition, 
vasography is superfluous at the time of biopsy and 
should be avoided because of the risk of vasal injury or 
stricture. Techniques of biopsy are described briefly 
below. (For further information on testicular biopsy, 
please refer to Chapter 25.) 
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Figure 1 Location of incision and “window” technique for diagnostic 
testicular biopsy. 


Testicular Biopsy Technique 


For open biopsy, the testis must be accurately posi- 
tioned with the scrotal skin tightly stretched over the 
testis, and the epididymis must be secured in a poste- 
rior position. A 1 cm incision is made transversely over 
the midportion of the testis (Fig. 1). The incision is car- 
ried out down to the tunica vaginalis. Cutting through 
this tunic is confirmed intraoperatively by the release 
of a small amount of clear fluid, expressed from within 
the space of the tunica vaginalis. A stay suture is placed 
through a nonvascularized region of the testis, prefer- 
ably in a superior, medial, or lateral position. Optical 
loupes or an operating microscope may help identify 
vessels under the tunica albuginea, avoiding the risk of 
injury to the testicular blood supply. Nonreactive 
suture such as nylon or polypropylene is preferred. A 
0.5 cm incision is made through the tunica albuginea 
with a sharp #15 blade or a fine ophthalmic knife. A 
small sample of seminiferous tubules should extrude 
easily through this incision. If a sample is not easily 
delivered, the incision may not be long or deep enough. 
Excessive pressure to extrude tubules may adversely 
affect the architecture of the specimen. The sample 
should be cut off sharply and placed directly into 
Bouin’s solution or buffered glutaraldehyde. The use 
of formalin is avoided because of the deleterious effects 
that it has on tubular architecture. A wet prep of the 
cut seminiferous tubular surface or a “squash prep” of 
a separate piece of tubule on a glass slide, bathed with 
lactated Ringer’s and compressed with a cover slip, 
can be immediately examined under the microscope. 
The presence of sperm alone does not guarantee 
obstruction; however, distal obstruction is highly likely 
in men with motile sperm. 


The tunical levels and the skin should both be 
closed to encourage hemostasis. Generous injection of 
0.25% bupivacaine into the tunica vaginalis space and 
the subcutaneous areas provides excellent local anes- 
thesia postoperatively. 


“Quick-Prep” Cytologic Evaluations for Men 
with Presumed Obstruction 


Since Hotchkiss (2) and Charney’s (3) introduction of 
the testis biopsy as a diagnostic tool, a variety of refine- 
ments in the technique have been proposed to improve 
its usefulness. The role of a testis biopsy is to evaluate 
spermatozoal production—and, indirectly, the pres- 
ence or absence of reproductive tract obstruction. Since 
formal testis biopsy requires fixation and the embed- 
ding and staining of specimens for interpretation, 
biopsy and reproductive tract reconstruction must 
occur at different times. Quantitative analysis of testic- 
ular sperm production is possible by counting the 
number of mature spermatids per round tubule, as 
described by Silber and Rodriguez-Rigau (4). Several 
techniques have attempted to provide additional 
“quick analysis” information from testis biopsy 
specimens. 


Technique: Touch Prep 


The touch prep, or testicular touch imprint, is a cyto- 
logical smear of fluid from the cut surface of testicular 
parenchyma. The touch prep is performed during 
testis biopsy by taking a clean glass slide and placing it 
on the cut surface of seminiferous tubules after obtain- 
ing a specimen for permanent section. The slide is 
applied to the cut surface in several areas and immedi- 
ately cytofixed with a commercial spray or 95% ethyl 
alcohol. The smear is subsequently stained via the 
Papanicolaou technique (5,6). Identification of individ- 
ual spermatogenic cells as well as mature spermatozoa 
is possible. The most important role of the touch prep 
is to differentiate between late maturation arrest and 
complete spermatogenesis. Late maturation arrest may 
be difficult to assess on biopsy, since mature sperm 
with tails are not commonly seen on the thin slice of a 
histologic slide, and quantitation of spermatozoal pro- 
duction is usually inferred from the number of mature 
spermatids present on fixed testis biopsy specimens. 
Quantitation of spermatozoa on touch prep allows 
direct evaluation of whether late maturation arrest is 
present. Detection of fully formed testicular sperm 
morphology is also possible. A diagnosis of late matu- 
ration arrest spares the patient unnecessary scrotal 
exploration and even possible partial epididymectomy 
in a futile attempt at reconstruction. 

Little published data exist regarding the fre- 
quency of late maturation arrest, or the sensitivity (or 
specificity) of the touch prep technique. If late matura- 
tion arrest is very uncommon, and false positive results 
occur with the touch prep, then it is possible that more 
patients may be denied reconstructive microsurgery 
than are benefited by the diagnosis of late maturation 


arrest. Certainly, the touch prep can be of great value 
when late maturation arrest is suspected. 


Technique: Wet Prep 


A wet prep is performed after the standard biopsy 
specimen has been atraumatically transferred into 
Bouin’s solution (5). For the wet prep, a small addi- 
tional piece of testis is placed on a clean glass slide 
with Ringer’s lactate, and the tissue is compressed 
under a glass cover slip. Analysis of this specimen can 
be performed immediately in the operating room. The 
presence or absence of sperm is documented, and the 
motility of sperm can also be evaluated. 

The presence or absence of sperm is not very pre- 
dictive of the findings on fixed permanent sections, but 
the presence of sperm motility may be of importance. 
A review of 100 consecutive testis biopsy and wet prep 
evaluations at Cornell (6) indicated that histology 
(complete spermatogenesis) and cytology (presence of 
sperm on wet prep) were concordant in only 81% of 
biopsies; however, the presence of motile sperm had a 
100% positive predictive value for the presence of 
reproductive tract obstruction. For the 18 cases in 
which motile sperm were present, it would have been 
safe to proceed with microsurgical reconstruction of 
the reproductive tract. The converse, however, is not 
applicable: the absence of motile sperm did not predict 
the absence of obstruction. In fact, 47 out of 65 (72%) 
men with obstruction did not have motile sperm 
present on wet prep. 

Further data collection will be helpful for fully 
evaluating the relevance of sperm motility on wet 
prep examination during testis biopsy. Based on 
the data available, the presence of motile testicular 
sperm is highly suggestive of the presence of distal 
obstruction. 


Technique: Cytospin 


Coburn et al. (7) described the technique of cytospin 
evaluation of testis tissue obtained during testis biopsy. 
Cytospin evaluation involves placement of a small 
segment of testicular tissue into cold tissue culture 
solution, with subsequent agitation of that specimen 
for one minute. The specimen is removed and placed 
into Bouin’s solution prior to paraffin sectioning. The 
supernatant is centrifuged in a cytospin processor, 
stained, and examined for the presence or absence of 
spermatozoa. 

Studies at Baylor have demonstrated mature 
sperm in all specimens from testes affected by obstruc- 
tive lesions (8). The remaining patients showed no 
sperm cytologically and were found to have germinal 
cell aplasia or complete maturation arrest on formal 
histological evaluation. One patient had maturation 
arrest found only because of the addition of cytologi- 
cal evaluation to routine histology. This finding 
supports the value of cytospin or touch prep for the 
detection of late maturation arrest during routine 
testis biopsy. 


Chapter 33: Surgical Treatment of Male Infertility 367 


Summary 


Testis biopsy is a diagnostic technique to assess sper- 
matogenesis. It is most useful to determine whether 
obstruction is the cause of azoospermia. It is also pos- 
sible to take additional tissue during this diagnostic 
procedure that can be frozen for subsequent therapeu- 
tic trials of assisted reproduction. Cytologic evalua- 
tion, when performed concurrently with standard 
testicular biopsy, may provide important adjunctive 
information. Cytospin and touch prep techniques 
allow for the detection of late maturation arrest—not 
evaluable on fixed permanent sections. Additionally, 
cytospin and touch prep techniques allow the evalua- 
tion of the presence of sperm within the seminiferous 
tubule without the removal of an additional piece of 
testicular parenchyma. The wet prep technique allows 
the evaluation of sperm motility. The presence of 
sperm motility appears to be highly indicative of the 
presence of obstruction. Further information regard- 
ing the frequency of late maturation arrest and the 
endurance of the predictive value of wet prep sperm 
motility is needed. At present, cytological techniques 
should best be considered adjuncts to, but not replace- 
ments of, careful evaluation of fixed permanent testic- 
ular biopsy specimens. (For additional information on 
semen analysis, please refer to Chapters 23 and 24.) 


O VASOGRAPHY 


Vasography should not be performed as a separate 
procedure since it can injure the vas deferens or cause 
leakage of sperm at the cannulation site with subse- 
quent formation of a sperm granuloma, and thus 
should also be avoided at the time of biopsy. It can, 
however, be performed most easily by simply injecting 
4 to 5 cc of saline or Ringer’s lactate into the lumen of 
the vas deferens. Absence of back pressure confirms 
the absence of obstruction. If back pressure is detected, 
methylene blue is injected and the patient catheterized 
to confirm that the dye passes into the posterior ure- 
thra and bladder. Vasography may be of value during 
transurethral resection or dilation. An assistant can 
perform the injection of dilute methylene blue through 
a soft, nonreactive 2Fr umbilical artery catheter placed 
in the vas deferens during transurethral management 
of partial or complete ejaculatory duct obstruction. 
Alternatively, the seminal vesicle can be injected with 
dye using transrectal ultrasound (TRUS) guidance. 


Technique 


To perform a vasotomy, the vas is isolated just distal to 
the convoluted vas deferens under the skin of the 
lateral scrotum. The vas is delivered into a small scro- 
tal incision and dissected free of associated perivasal 
vessels (Fig. 2). Under the operating microscope, a lon- 
gitudinal incision is made over the vas in its straight 
portion, just beyond the convoluted region of the vas. 
The incision is carried out with a 15° ultrasharp knife 
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Figure 2 Delivery of the vas deferens for hemivasotomy and 
sampling of intravasal fluid for vasography. 


down to the muscular layers of the vas. The vas is 
mobilized and isolated with a small straight clamp or 
thin piece of Penrose drain. A hemivasotomy is per- 
formed so that the posterior half of the vas is preserved. 
Vasal fluid must be tested for the presence of sperm. A 
22- or 24-gauge angiocatheter can be used to perform a 
noncontrast vasogram with methylene blue dye. 
Catheterization of the bladder with return of blue urine 
will demonstrate patency of the reproductive tract. 
Inability to inject fluid, or high pressure with injection, 
should lead to a contrast vasogram with 50% or higher 
concentration of Renografin. During contrast vasogra- 
phy, a Foley catheter should be placed into the blad- 
der. Filling the Foley balloon with air will provide 
double contrast to allow localization of the bladder 
neck. The hemivasotomy is subsequently closed with 
9-0 and 10-0 monofilament sutures, as described below 
for microsurgical vasovasostomy. 


O VARICOCELECTOMY 


Varicocelectomy is indicated for men with symp- 
tomatic varicoceles, for men with confirmed infertility 


and persistently abnormal sperm quality, and for ado- 
lescents with large varicoceles and associated testicu- 
lar hypotrophy. An International WHO study 
on varicoceles has also supported the finding that 
varicoceles are clearly related to infertility (9,10). (For 
further information on varicoceles, please refer to 
Chapter 15.) 

Approaches to varicocele correction include 
inguinal, retroperitoneal, and laparoscopic techniques 
(Fig. 3). Transvenous balloon embolization is also 
highly successful, with minimal morbidity, but its 
application is limited to those with significant experi- 
ence in this technique. Correction of right-sided vari- 
coceles is frequently not possible by retrograde balloon 
embolization because of the acute angle of the right 
internal spermatic vein at its junction with the vena 
cava. Laparoscopic approaches appear to be fairly 
successful (Fig. 4). Laparoscopy, however, takes the 
subcutaneous procedure of inguinal varicocelectomy 
and converts it into an intra-abdominal approach, 
which is of higher risk. There are currently few indica- 
tions for laparoscopic varicocelectomy. 

Varicocelectomy involves ligation of all internal 
spermatic veins to prevent the retrograde flow of blood 
in this system that is pathognomonic of a varicocele. In 
order to effectively and safely correct a varicocele, one 
should (i) leave the vas deferens and its associated ves- 
sels intact, (ti) divide all internal spermatic veins (and 
external spermatic veins if the inguinal approach 
is used), and (iii) leave the lymphatic vessels and 
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Figure 3 Incisional approaches for repair of varicocele. 
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Figure 4 Schematic view of laparoscopic approach to varicocele 
repair. 


testicular arteries intact. Difficulty in visualizing any 
small internal spermatic vessels in the retroperitoneum 
explains the 10% clinical recurrence/persistence rate 
after a “Palomo varicocelectomy” (older, retroperito- 
neal approach) (11). Even with a muscle-splitting 
approach, more morbidity occurs with this approach 
than an inguinal approach. 

The optimal surgical approach to varicocelec- 
tomy is an inguinal or a subinguinal one, with at least 
6 to 8x optical magnification (12). If it is readily avail- 
able, an operating microscope provides the ability to 
use variable magnification during the procedure. In 
the authors’ experience with both approaches, the use 
of an operating microscope clearly provides better 
visualization of the lymphatics and the testicular arter- 
ies during varicocelectomy. Although it is tedious to 
perform a microsurgical dissection, the advantages are 
significant: testicular arteries can be identified and pre- 
served in over 99.5% of cases, the varicocele recur- 
rence/persistence rate is less than 0.5%, and hydroceles 
occur postoperatively in less than 0.5% of cases (13-15). 
It is highly upsetting to both patient and physician 
when painful testicular atrophy occurs because of 
inadvertent injury to the testicular artery, or when a 
massive, symptomatic hydrocele is present postopera- 
tively. Considering the gravity of these postoperative 
complications, it certainly seems worth extending the 
intraoperative case time by 15 or 20 minutes in order 
to decrease the postoperative complication rate from 
10% to approximately 1%. Therefore, there is little 
rationale for performing varicocele repair without 
optical magnification. 

Delivery of the testis probably contributes very 
little to decreasing recurrence rates. Although some 
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dilated veins are present in the gubernaculum in many 
men with varicoceles, these are usually “vents” for the 
return of refluxing blood down the internal spermatic 
veins. There is little evidence that the gubernacular 
veins actually can form collaterals to the internal 
spermatic system, thereby causing persistence of a 
varicocele. 


Technique 


The procedure can be performed under local or gen- 
eral anesthesia. A 1- to 1.5-in. incision is made over the 
external inguinal ring. Blunt dissection is carried out 
down to the external ring with Kelly clamps. The sub- 
cutaneous tissues are separated. If the external ring is 
reasonably capacious, then the entire spermatic cord is 
grasped with a Babcock clamp as it passes over the 
pubis. If the external ring is very small, then the exter- 
nal spermatic fascia is opened with careful identifica- 
tion of the ilioinguinal nerve. The spermatic cord is 
delivered, leaving the ilioinguinal nerve on the floor of 
the canal. The canal must be carefully examined to 
preclude the presence of any perforating veins. The 
spermatic cord is draped over a Penrose drain or 
Penrose-covered tongue blade, and the operating 
microscope is brought into position. The position of 
the vas is determined by palpation, and the external 
and internal fascias are incised longitudinally. Usually, 
the artery is identified readily by sprinkling a mixture 
of papaverine and lidocaine on the cord. If no pulsa- 
tions are detected, a Doppler probe is helpful for iden- 
tification of the artery. In 50% of cases, more than one 
artery is present in the spermatic cord. All veins are 
either doubly ligated (note that the use of undyed 
and black sutures is helpful in keeping the ties sepa- 
rate) or clipped with small or medium hemoclips. The 
external spermatic veins are also ligated and divided, 
with preservation of all perivasal vessels (Fig. 5). 
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Figure 5 Schematic view of the spermatic cord during dissection 
for microsurgical varicocele repair. Vasal vessels, the vas deferens, 
testicular arteries, and lymphatics are the only structures preserved 
after repair. 
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The lymphatic vessels must be irrigated to confirm the 
absence of blood in their lumina. Typically, six to eight 
lymphatics can be identified and preserved in the sper- 
matic cord. This procedure—many components of 
which were popularized by Goldstein (13)—is also 
very similar to that described by Marmar (16) in the 
early 1980s. 


Complications 


Complications of open surgical varicocele repair 
include those generally associated with surgery (bleed- 
ing, infection, and risks of anesthesia) as well as those 
specific to the varicocele procedure (hydrocele, testicu- 
lar atrophy, and varicocele recurrence/persistence). 
Significant complications of varicocelectomy are 
rare; reoperation for a major hematoma or infection 
occurs in approximately 1 in 500 cases (in the authors’ 
experience) (17,18). Hydrocele formation rates are related 
to the ability of the surgeon to identify and preserve 
lymphatics during dissection of the internal spermatic 
vessels. For microsurgical approaches, hydroceles 
form in less than 1% of cases and are usually transient. 
Testicular atrophy can occur if the testicular artery is 
compromised during varicocele repair; this may 
happen from division of the artery or compromise of 
the spermatic cord by excessive tightening of the exter- 
nal inguinal ring. With microsurgical approaches, atro- 
phy is essentially never seen. With macrosurgical 
approaches, atrophy occurs in less than 1% of cases, 
although these statistics are rarely published. 
Persistence of the varicocele occurs if a large internal 
spermatic vein is missed and the varicocele is easily 
detected in the early postoperative period. Varicocele 
recurrence is caused by the persistence of microscopic 
veins that subsequently enlarge as the result of com- 
munication with the remainder of the pampiniform 
plexus. The rate of varicocele recurrence has been 
reported to be between 0.4% and 1% with microsurgi- 
cal techniques, and up to 15% with high-ligation 
techniques. Varicocele persistence after balloon embo- 
lization is dependent on the skill of the radiologist and 
ranges from 3% to 25% (19,20). 


Results 


Several reviews of varicocelectomy have almost uni- 
formly suggested that 60% to 70% of patients who 
undergo varicocele repair will have demonstrable 
improvement in semen parameters, with 35% to 40% 
of the patients contributing to a pregnancy within a 
year (14,15,21). Two-year follow-up data have sug- 
gested that pregnancy rates may increase up to 70% in 
the second year, at least for couples with no female 
factor infertility. Semen parameters are known to be 
highly variable in normal and infertile men, however, 
and some of these reported pregnancies may have 
occurred without any intervention. Therefore, it is 
important to consider controlled series of varicocele 
repair, in which men who have varicocelectomy are 
compared to those who have no treatment, counseling, 


or medical therapy, or other comparable patient 
groups. A review of these studies demonstrated a sta- 
tistically significant benefit of varicocele repair in 
improving pregnancy rates (22). It is clear from these 
results that subfertile men with a varicocele are likely 
to have a real—albeit moderate—benefit from varico- 
cele treatment. Results of varicocelectomy are defini- 
tively related to the varicocele size as well as the 
patient’s age (Table 1). The larger the varicocele, the 
greater the expected postoperative change in semen 
parameters. This finding, coupled with controversial 
results after repair of subclinical (smaller, nonpalpa- 
ble) varicoceles, supports the importance of repair of 
the clinical varicocele alone. Some studies (23) have 
suggested that men with clinical varicoceles will typi- 
cally have internal spermatic veins that are 2.7 mm or 
larger in diameter on scrotal ultrasonography. The 
chance of improvement in semen parameters is related 
to varicocele size on scrotal ultrasonography. In men 
who have varicoceles less than 2.7 mm in diameter, 
equal proportions of men have improved semen 
parameters after varicocelectomy and decreased semen 
parameters. 


Summary 


Varicoceles are sometimes “red herrings” that do not 
cause infertility. For many couples in whom varico- 
cele-associated male infertility factor is present, how- 
ever, initial treatment with varicocelectomy is strongly 
recommended. Controlled studies of varicocelectomy 
support the effectiveness of this treatment for male 
factor infertility. Varicocele repair is a cost-effective 
treatment for male infertility, especially when com- 
pared to treatment using ICSI. 


O VASECTOMY REVERSAL 


Reversal of vasectomy is now technically possible and 
highly successful for a majority of men. The duration 
of time after vasectomy is important. Secondary 
obstruction of the epididymis becomes increasingly 
more common when more than 10 years have passed 
after vasectomy. The modern techniques for vasova- 
sostomy are modifications of the microsurgical 
approaches described in the mid-1970s by Drs. Owen 
(24) and Silber (25). Microsurgical techniques gener- 
ally have approximately 85% to 90% postoperative 
patency rates in experienced hands (26). Yet, only 60% 


Table 1 Percent Change in Semen Parameters after 
Varicocelectomy 


Motile sperm Sperm 
Varicocele concentration concentration 


grade (%) (%) Motility (%) 
l 27 21 15 
II 21 24 3 
Ill 128 94 37 


of couples actually achieve a pregnancy after vasova- 
sostomy. Antisperm antibodies, female infertility, sec- 
ondary obstruction in the epididymis, or recurrent 
obstruction at the anastomotic site may all contribute 
to the inability of nearly half of all men with estab- 
lished patency after vasovasostomy to contribute to 
pregnancies (27). 

The technique for vasectomy reversal (i.e., vaso- 
vasostomy vs. vasoepididymostomy) depends on the 
intravasal findings at the time of surgical exploration. 
In addition, obstructive lesions may occur in the vas 
deferens at the inguinal level after hernia repair. Testis 
biopsy is not routinely indicated prior to vasectomy 
reversal. Optimal results with vasovasostomy (or vaso- 
epididymostomy) are achieved when these principles 
are followed: (i) accurate mucosa-to-mucosa anasto- 
mosis to allow a leak-proof anastomosis, (ii) tension- 
free anastomosis, (iii) adequate blood supply to the 
ends of the vas with healthy mucosa and muscularis, 
and (iv) atraumatic technique. Adherence to these fun- 
damental principles is far more important than the 
number of layers performed or the exact suture mate- 
rial used. The two approaches are described briefly 
below. (For further information on vasectomy reversal, 
please refer to Chapter 34.) 


Vasovasostomy 


High vertical scrotal incisions are performed bilater- 
ally over the testis, directed toward the external ingui- 
nal ring (Fig. 6). The testis is delivered; the site of 
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Figure 6 Position of high vertical incisions in the scrotum for vas- 
ovasostomy or vasoepididymostomy. The incisions are placed high 
in the scrotum and directed toward the external ring to avoid tension 
on the anastomosis and facilitate dissection of the vas deferens. 
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vasectomy is then isolated and dissected free. The 
testicular side of the vas is isolated and cleanly divided 
at a 90° angle with the aid of a slotted nerve clamp. 
Vasal fluid is carefully collected after bipolar control of 
bleeding. The epididymis is milked, and the presence 
or absence of sperm is evaluated. If sperm are present 
and the abdominal side of the vas is patent, then an 
anastomosis is performed. If no sperm are present, the 
vasal fluid should be sequentially sampled during 
evaluation of the contralateral vasectomy site. The 
abdominal side of the vas is similarly divided with the 
slotted nerve clamp, and saline vasography is per- 
formed. Formal vasography is only necessary if saline 
vasography is not possible or is abnormal. The two 
ends of the vas are carefully examined under the oper- 
ating microscope to confirm that the cut ends of the 
vasa are healthy (Fig. 7). The vasa are stabilized in a 
vasal approximator and the anastomosis performed 
over a Penrose-covered tongue blade at 25x magnifica- 
tion. Double-armed fish-hook 70 um needles with 
10-0 monofilament nylon sutures are used on the top 
half of the anastomosis. The fish-hook configuration 
with double arming essentially prevents back walling. 
Accurate mucosal apposition is possible with muco- 
sally based sutures and an ample width of muscle. 
Additional sutures are placed from the outer wall of 
the vas, without penetrating the mucosa, using a 
cutting 9-0 nylon suture. A couple of sutures in 
the adventitial layer of the vas can help to minimize 
tension on the anastomosis. 


Figure 7 Preparation of the cut ends of the vas deferens for vas- 
ovasostomy with preservation of adequate perivasal tissue to allow 
maintenance of good blood supply to the vas. 
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If multiple tears of the mucosa or other technical 
misadventures occur, the vasa should be cut back and 
the anastomosis performed again. If excessive bleed- 
ing is seen, then Penrose drains should be placed 
through dependent puncture sites in the scrotum. 


Microsurgical Vasoepididymostomy 


Patency results with microsurgical vasoepidymostomy 
in experienced hands are only about 70%. Of all patients 
who undergo the operation, only 30% actually contrib- 
ute to a pregnancy (28). It must be noted, however, that 
the single-tubule anastomotic results are far better than 
those previously obtained with “slash and fistula” 
techniques. Anastomosis can be performed in either an 
end-end or an end-side approach to the epididymis. 
The choice of technique is dependent on operator expe- 
rience and vasal length. Sometimes, it is not possible to 
perform a low end-side anastomosis with a short vas 
deferens. Some surgeons find it very difficult to sort 
out which epididymal tubules should be used to per- 
form the anastomosis during an end-end vasoepidi- 
dymostomy because of the multiple divided tubules 
present on the bloody cut surface of the epididymis. 
An end-side anastomosis is easiest to perform when a 
clear level of obstruction is easily seen on visual inspec- 
tion of the epididymis, allowing set-up of the anasto- 
mosis prior to performing an incision in the epididymal 
tunics. When tubular dilation is not as clear, an end- 
end technique is preferred. Serial sectioning of the 
epididymis is performed until a gush of cloudy fluid is 
obtained from a single dominant epididymal tubule. 


Technique 


High vertical scrotal incisions are performed, as with 
the approach for vasovasostomy. The testis is deliv- 
ered and vasography performed at the junction of the 
straight and convoluted vas deferens. The absence of 


sperm is confirmed. Saline vasograms are performed. 
The vas is completely divided and hemostasis obtained 
with a slotted nerve clamp. The tunica vaginalis is 
opened. For end-side anastomoses, the vas can be 
brought through a puncture site in the tunics with later 
closure of the tunica. 


End—End Approach 

The epididymis is sharply dissected free of the testis 
and swung up toward the inguinal ring. The epidid- 
ymis is sequentially divided with a slotted nerve 
clamp and examined for the presence of a single 
dominantly effluxing epididymal tubule. The pres- 
ence of sperm is confirmed by performing a wet prep 
of the cut edge of the epididymis. Intact sperm (not 
sperm heads or other fragments) should be detected. 
The anastomosis is performed with both the vas and 
the epididymis stabilized by a vas-—epididymis 
approximating clamp. Methylene blue or a fresh 
marking pen can be used to help outline the cut edge 
of the mucosa of the epididymal tubules. Aminimum 
of four (and preferably six) 10-0 nylon mucosal 
sutures are placed between the effluxing epididymal 
tubule and the mucosa of the vas. A second row of 9- 
0 sutures is placed between the muscularis layer of 
the vas and epididymal tunics. It is important to 
avoid including any dilated epididymal tubules in 
either of these sets of sutures, as that may obstruct 
the epididymis more proximally. 


End—Side Approach 

When the level of obstruction is obvious, the planned 
anastomotic site can be set up prior to opening the epi- 
didymal tunic. In this case, a row of 9-0 nylon sutures 
is used to stabilize the back wall of the muscular layer 
of the vas to the epididymal tunic (Fig. 8A). Anastomosis 
is performed to the incised epididymal tubule with 
subsequent closure of the vasal adventitia and muscle 


Figure 8 Vasoepididymostomy: end-side approach. (A) The vas deferens is attached to the edge of the epididymal tunic with interrupted 9-0 
sutures in preparation for an end-side anastomosis during vasoepididymostomy. (B) Suture of epididymal tunics to vasal adventitia during 


vasoepididymostomy. 


to the epididymal tunic (Fig. 8B). An improved 
technique for vasoepididymostomy involves invagi- 
nation of an epididymal tubule into the vas deferens 
with triangulating sutures (Fig. 9A). After these three 
sutures are placed in the epididymis, a single tubule is 
dissected free, and a linear incision is made in the iso- 
lated epididymal tubule. The sutures that were previ- 
ously placed into the epididymis are then placed into 
the lumen of the vas deferens (Fig. 9B). The muscular 
layer of the vas is then anastomosed circumferentially 
to the epididymal tunic with interrupted 9-0 sutures 
(Fig. 8B). If the vas has been brought through a punc- 
ture site in the tunica vaginalis, then the adventitia of 
the vas can be sutured to the outer layer of the parietal 
tunica with one or two 6-0 polypropylene sutures to 
avoid any direct tension of the anastomosis. If possible, 
the tunica vaginalis is closed. 


O SPERM RETRIEVAL FOR ASSISTED 
REPRODUCTION 
Background 


To understand clinical approaches to sperm retrieval 
in men with obstructive and NOA, it is necessary to 
consider how the male reproductive system is affected 
by these conditions. (For further information on the 
anatomy and physiology of the male reproductive 
tract, please refer to Chapters 2, 5, and 6.) 


Obstructive Azoospermia: Inverted Motility 


It had long been thought that sperm exiting the testis 
lack maturity, motility, and fertilizing capability, and 
that transit through the epididymis is essential for the 
acquisition of these features. In the unobstructed set- 
ting, sperm quality improves as the spermatozoa travel 
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from caput to cauda; this is not true, however, in the 
obstructed setting. In reproductive tract obstruction, 
improved motility is seen in sperm retrieved from the 
caput epididymis compared to the cauda, as sperm 
extracted from the tail of an obstructed epididymis are 
in advanced stages of degeneration and necrosis. Here, 
normal sperm are absent or rare, and macrophages 
filled with phagocytized sperm remnants are seen in 
abundance (Fig. 10). This finding is often referred to as 
“inverted motility.” 

Thus, in the case of obstruction, better-quality 
sperm can be found proximally in the rete testis, vasa 
efferentia, or caput epididymis; the more distal cauda 
epididymis is the site of sperm degeneration. These 
factors should be taken into account during any 
attempt at sperm removal. 


NOA: Heterogeneity of Sperm Production 


It has previously been shown that human testicular 
histology is heterogeneous; there can be small foci of 
abnormal spermatogenesis adjacent to normal semini- 
ferous tubules. This formerly casual observation is 
now the cornerstone of treatment for men with NOA. 
Successful sperm-retrieval is possible in most testicu- 
lar sperm-retrieval attempts in men with NOA, despite 
diagnostic testis-biopsy specimens showing predomi- 
nantly maturation arrest. The ability to retrieve sperm 
from the testes of men with NOA is independent of 
testicular size and FSH level, but dependent on the 
most advanced level of spermatogenesis identified. All 
standard parameters of testicular evaluation (testicular 
volume, FSH, and inhibin B levels) are used to evalu- 
ate overall function of the testis. Since sperm retrieval 
and pregnancy are dependent on finding sperm in just 
one small focus of the testis, the only predictor of suc- 
cessful treatment is the most developed region of the 


Figure 9 Vasoepididymostomy: triangulation technique. (A) Placement of sutures into epididymal tubule for triangulation anastomosis during 
vasoepididymostomy (line of incision in tubule is shown as interrupted line). (B) Mucosal suture placement into vas deferens for triangulation 


technique of vasoepididymostomy. 


374 Schlegel and Kaufman 


packed sperm, 
some macrophages 


On : 
OR | ; A k masrophagið 


sperm fragments, 
lumen packed with 
macrophages, 
grossly yellow tubules 


Figure 10 The content of epididymal fluid from different levels of 
the epididymis in men with obstructive azoospermia is shown. 


testis, not the predominant pattern of testicular histo- 
logy, overall testicular volume, or FSH level. These 
observations suggest that nearly all cases of male factor 
infertility can potentially be treated. 


Intracytoplasmic Sperm Injection 


Without question, the most significant advance in the 
treatment of male infertility has been the technique of 
ICSI. The procedure involves the deposition of a single 
sperm directly into the oocyte cytoplasm with a micro- 
pipette. The advantage of this technique is that it 
bypasses all oocyte barriers so that even severely 
abnormal spermatozoa can successfully fertilize, as 
long as the spermatozoon is viable. To date, ICSI has 
been applied successfully to both obstructive and NOA 
with fresh and thawed spermatozoa obtained from the 
epididymis and testis. 


Background: Etiology of Azoospermia 


Evaluation of the type of azoospermia (obstructive vs. 
nonobstructive) may superficially seem irrelevant, 
since sperm can usually be retrieved for ICSI. The defi- 
nition of etiology, however, is critical for the direction 
of genetic testing of male and female partners, as well 
as for the consideration of medical conditions associ- 
ated with azoospermia. In men with severely impaired 
sperm production, the presence of osteoporosis or 
osteopenia should be considered, with testis tumors 
occasionally detected; on the other hand, many men 
with obstructive azoospermia due to congenital unilat- 
eral absence of the vas deferens present with renal 
agenesis. Genetic anomalies that have been defined 


presently include partial deletions of the Y-chromo- 
some and other karyotypic abnormalities for men with 
NOA, whereas men with obstructive azoospermia may 
be carriers of cystic fibrosis gene defects. The presence 
of some of these abnormalities may be of life-threaten- 
ing importance to the azoospermic man, for whom 
infertility may well be the only initial symptom. 
Genetic anomalies may provide indications for preim- 
plantation genetic diagnoses in order to avoid 
affecting offspring produced via infertility treatment. 
(For further information on this topic, please refer to 
Chapter 27.) 


Techniques for Sperm Retrieval 


The following is a summary of the various sperm 
retrieval techniques best suited for obstructive azo- 
ospermia versus NOA. 


Obstructive Azoospermia 

Microsurgical Epididymal Sperm Aspiration 

In cases of unreconstructable reproductive tract 
obstruction, including cases of congenital bilateral 
absence of the vas deferens or when the patient chooses 
not to have surgical reconstruction, epididymal sperm 
can be aspirated as an isolated surgical procedure. 
When performed as an operative microsurgical proce- 
dure, these techniques are referred to as microsurgical 
epididymal sperm aspiration (MESA). 

To avoid contamination of sperm with blood cells 
during aspiration, the technique of micropuncture of 
the epididymal tubule was developed (29). Briefly, 
single epididymal tubules can be identified under the 
operating microscope and individually aspirated with 
an atraumatic technique (Fig. 11). Sequential micro- 
punctures can be performed until optimal sperm qual- 
ity has been obtained. Puncture sites are closed or 
cauterized. Typically, over 100 x 10° sperm with good 
motility are retrieved using this approach. An alterna- 
tive approach is to incise tubules and gather fluid after 
it flows out of the tubules. Because sperm in the epi- 
didymal fluid are so highly concentrated (roughly 
1x 10° sperm/uL), only microliters of fluid need to be 
retrieved. Thus, MESA provides for more than 
adequate numbers of sperm for immediate use with 
ICSI, as well as for cryopreservation. MESA can be per- 
formed with local or general anesthesia. 


Percutaneous Epididymal Sperm Aspiration 

In addition to microsurgical techniques, percutaneous 
procedures are part of the armamentarium currently 
available for sperm retrieval. These procedures have 
many advantages: they can be performed without sur- 
gical scrotal exploration, can be repeated easily and at 
low cost, and do not require an operating microscope 
or expertise in microsurgery. Percutaneous epididy- 
mal sperm aspiration can be performed under local or 
general anesthesia. After induction of anesthesia, the 
testis is stabilized and the epididymis is held between 
the surgeon’s thumb and forefinger. A butterfly needle 
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epididymis 


Figure 11 Micropuncture apparatus for epididymal sperm retrieval 
is shown. The sharpened tip of a micropuncture pipet is shown enter- 
ing an epididymal tubule through the epididymal tunic. 


attached to a 20-mL syringe is inserted into the caput 
epididymis and withdrawn gently until fluid can be 
seen entering the tubing of the aspiration set (Fig. 12). 
The procedure is repeated until adequate amounts of 
epididymal fluid are retrieved. If no sperm are 
retrieved, as occurs in at least 20% of sperm retrieval 
attempts, then it is necessary to proceed with MESA, 
testis biopsy, or testicular aspiration. 


Percutaneous Testicular Sperm Aspiration 
As mentioned above, it was previously thought that 
sperm retrieved from the testis were incapable of fertil- 
ization. It is now well established, however, that testic- 
ular sperm can be used effectively with ICSI, although 
the cytogenetic abnormality rate is higher with testicu- 
lar sperm than with epididymal or ejaculated sperm. 
Although testicular sperm retrieval has been reported 
in cases of obstructive azoospermia after failure of epi- 
didymal aspiration attempts, the primary indication 
for open testicular sperm retrieval today should be for 
sperm acquisition in NOA. 

Testicular sperm can be recovered using an FNA, 
a percutaneous biopsy, or an open technique. The tech- 
nique of percutaneous FNA of the testis was initially 
described as a diagnostic procedure in azoospermic 
men (29). In this procedure, the testis is stabilized 
between the surgeon’s thumb and forefinger and a 
needle is inserted along the long axis of the testis 
(Fig. 13). The needle is then slightly withdrawn and 
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Figure 12 Technique for percutaneous epididymal sperm 
aspiration. 


redirected in order to disrupt the testicular architec- 
ture. The procedure is repeated until adequate testicu- 
lar material has been aspirated. A Franzen needle 
holder can be used to provide negative pressure for 
needle aspiration. 


Percutaneous Testicular Biopsy 

The technique of percutaneous biopsy of the testis has 
also been described (29). A 14-gauge biopsy gun witha 
short (1 cm) excursion is used to retrieve testicular 
tissue (Fig. 14). Anesthesia is achieved with a spermatic 
cord block, and multiple biopsies can be obtained 
through a single entry site. The patient may be pre- 
pared for this procedure by the topical application of 
local anesthetic such as EMLA cream (lidocaine 2.5% 
and prilocaine 2.5%, manufactured by Astra-Zeneca 
Pharmaceuticals, Worcester, Massachusetts, U.S.A.). 
The core needle provides better sperm yield than the 
FNA technique, and is relatively simple to use. 


Testicular Sperm Extraction 

Testicular sperm retrieval using an open biopsy tech- 
nique (TESE) is rarely, if ever, indicated for men 
with obstructive azoospermia. The procedure is more 


Figure 13 Technique for testicular fine needle aspiration. 
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Figure 14 Percutaneous testis biopsy with a 14-gauge automatic 
biopsy gun. 


invasive, is not needed in obstructive azoospermia to 
allow sperm retrieval, and carries higher risks than 
alternative open or percutaneous procedures. If an 
open procedure is performed, in the authors’ experi- 
ence, over 99% (184/185) of men with obstructive azo- 
ospermia will have approximately 100 x 10° sperm 
retrieved from the epididymis with MESA (30). Sperm 
retrieval from the epididymis is far more efficient than 
testicular biopsy extraction in that it provides better 
sperm yield and motility when compared to that 
obtained with TESE in obstructive azoospermia. MESA 
provides sperm quantities sufficient for a virtually 
unlimited number of ICSI attempts. If testicular sperm 
retrieval is planned because of patient preference or if 
microsurgical expertise is not available, then PercBiopsy 
is the recommended approach. 


Nonobstructive Azoospermia 


Testicular access is required for sperm retrieval in 
NOA since pockets of sperm production are limited 
and evaluation of large areas of the testis or multiple 
biopsies are usually needed to retrieve sperm. Although 
testicular FNA has been used to retrieve spermatozoa 
in azoospermic men, documentation of its effective- 
ness is lacking for men with NOA. Two controlled 
studies (31,32) have shown that open biopsy produces 
a substantially higher yield of sperm in men with 
NOA. An alternative approach is to perform testis 
biopsies with intentional cryopreservation. This 
approach may lead to unnecessary biopsies, however, 
since up to 35% of “azoospermic” men will have sperm 
found with careful examination of the ejaculate on 
the day of planned simultaneous TESE-ICSI. 
Additionally, sperm “retrieved” from the testis and 
frozen may not survive the freeze-thaw process in 
NOA. Further, multiple biopsies may be needed to 
retrieve sperm in men with NOA, thus requiring a 
careful, simultaneous biopsy-by-biopsy analysis by an 
experienced embryologist. 


Microsurgical TESE 

Microsurgical TESE offers the advantages of improved 
yield of spermatozoa per biopsy, less tissue removal 
(and thus less risk of testicle loss), and improved iden- 
tification of blood vessels within the testicle, resulting 
in the minimization of the risk of vascular injury and 
loss of remaining functional areas of the testis. 

On the day of oocyte retrieval, scrotal exploration 
is performed through a median raphe incision under 
local or general anesthesia. Sperm are retrieved using 
an open testicular biopsy technique. In order to avoid 
undue injury to the testis, all testicular vessels are first 
identified; delivery of the testis is routinely performed 
to prevent injury to the epididymis. 

Testicular blood vessels under the tunica albu- 
ginea are identified with 6 to 8x optical magnification. 
An avascular region near the midportion of the medial, 
lateral, or anterior surface of the testis is chosen, and a 
generous incision in the tunica albuginea is created 
with a 15° ultrasharp knife, avoiding any capsular tes- 
ticular vessels. With this approach, direct visualiza- 
tion of large areas of the testis can be achieved, which 
allows for either large sample biopsies or microdissec- 
tion (Fig. 15). Because the incision is directed at an 
avascular region, the sperm retrieval procedure is less 
traumatic than multiple “blind” biopsies. The testis is 
opened widely to allow direct examination of all areas 
of testicular parenchyma. Dissection between the 
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Figure 15 Incision in the tunica albuginea for wide exposure of 
seminiferous tubules in preparation for microdissection testicular 
sperm extraction with exposure of the parenchyma and dissection 
between septae of the testis. 


tubules is also needed to view tubules that are not 
exposed with the initial approach. The recent micro- 
dissection technique applied by the authors allows the 
removal of tiny (2-3 mm; 3-5 mg) testicular tissue 
with improved sperm yield. The tubules containing 
sperm can often be identified visually under an operat- 
ing microscope after opening the testis, when approxi- 
mately 20x magnification is used to assist the biopsies. 
The tubules containing sperm production are directly 
identified based on their large size and white color. If 
all tubules appear uniform at high-power magnifica- 
tion, then dissection is performed to allow access to 
other regions of the testis. Finally, if no sperm are seen 
in microdissected samples, a limited number of 
larger random biopsies are performed, avoiding testic- 
ular vessels between the septae that separate seminifer- 
ous tubules. 

The excised testicular biopsy specimen is placed 
in human tubal fluid (HTF) culture medium supple- 
mented with 6% Plasmanate. Isolation of individual 
tubules from the mass of coiled testicular tissue is 
achieved by initial dispersal of the testis biopsy speci- 
men with two sterile glass slides, stretching the testicu- 
lar parenchyma to isolate individual seminiferous 
tubules. Subsequently, mechanical disruption of the 
tubules is accomplished by mincing the extended 
tubules with sterile scissors in HTF/Plasmanate 
medium. Additional dispersion of tubules is achieved 
by passing the suspension of testicular tissue through 
a 24-gauge angiocatheter. For minimal tissue speci- 
mens, little dissection is performed in the operating 
room, since the tissue sample is so small and opening 
of the individual tubules may need to be done in the 
embryology laboratory immediately prior to ICSI. 

Intraoperatively, a “wet preparation” of the sus- 
pension is examined under phase contrast microscopy 
at 200x power. If no spermatozoa are seen, then 
(i) additional samples of tissue are obtained through 
the same tunical incision, (ii) the remainder of the testis 
is examined by evaluating the exposed regions of tes- 
ticular tissue, (tii) exposure of deeper tubules is effected 
by dissecting between the septae and everting the tes- 
ticular tissue, and (iv) examination of the contralateral 
testis is then performed, if no sperm have been found. 
After dispersal, a member of the in vitro fertilization 
(IVF) laboratory in the operating room performs imme- 
diate intraoperative evaluation of each specimen at 
200x magnification using a phase contrast microscope. 
The sperm extraction process is complete when sperm 
are reliably identified in the wet preparation of a biopsy 
specimen. Otherwise, sperm extraction attempts cease 
when all areas of the testis have been examined. Care 
must be taken to preserve vessels between and within 
the septae of the testis that contain the tubules. At no 
time should additional incisions be made that could 
adversely affect the blood supply to the testis. 
Subsequent processing of the testicular tissue suspen- 
sion, including mechanical disruption and/or addi- 
tional enzymatic digestion of the specimens, is 
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performed in the IVF laboratory. Aliquots of tissue are 
also processed for cryopreservation. 


Summary 


Sperm retrieval for use with the advanced form of 
assisted reproduction, ICSI, is now possible for many 
men with NOA. Men with azoospermia may have 
unique genetic or associated urogenital defects that 
should be evaluated prior to an attempt at conception. 
In obstructive azoospermia, several options exist to 
allow for sperm retrieval rates approaching 100%. In 
NOA, TESE is required and sperm retrieval is less cer- 
tain. At The New York Hospital-Cornell Medical 
Center, 59% of couples have had sperm retrieved from 
the testis with TESE, and 58% of couples achieved a 
clinical pregnancy using testicular sperm in NOA. 
Since some couples will not have sperm retrieved with 
TESE, the use of frozen donor spermatozoa as backup 
should be discussed with couples prior to simultane- 
ous TESE-ICSI attempts. 


O EJACULATORY DUCT OBSTRUCTION 


Ejaculatory duct obstruction may contribute to male 
infertility. Men with bilateral complete ejaculatory 
duct obstruction will typically present with low- 
volume, fructose-negative, and acidic semen devoid of 
sperm. Men with partial ejaculatory duct obstruction 
may have a more variable presentation of semen 
parameters. In the authors’ experience, up to 4.4% of 
infertile men will have ultrasonographic findings sug- 
gestive of ejaculatory duct obstruction. 

Ejaculatory duct obstruction is a treatable abnor- 
mality that can affect semen parameters and cause 
male infertility. Unfortunately, safe treatment for par- 
tial ejaculatory duct obstruction is not always possible. 
Transurethral resection for partial obstruction may 
result in the reflux of urine into the vas deferens, caus- 
ing subsequent epididymitis. 

Indications for evaluation, treatment approaches, 
and the results of therapy for ejaculatory duct obstruc- 
tion are presented here. Together, both partial and 
complete ejaculatory duct obstruction are treatable 
abnormalities that affect a significant proportion of 
patients with male factor infertility. (For further infor- 
mation on ejaculatory duct obstruction, please refer to 
Chapter 18.) 


Indications for Evaluation 


Ejaculatory duct obstruction may occur because of 
congenital maldevelopment, genitourinary infections, 
prostatic disease, or prior pelvic surgery. Obstructed 
patients may report hematospermia, pain on or after 
ejaculation in the prostatic region that may radiate to 
the testes, a sudden change in ejaculate volume, tenes- 
mus and other difficulty with bowel movements, or 
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even no symptoms at all. A prior history of prostatic 
surgery, urethral instrumentation, rectal surgery, or 
prostatic disease should be sought. Episodes of urinary 
tract infections or penile discharge may increase the 
risk of ejaculatory duct or epididymal obstruction. 
Congenital maldevelopment of variable lengths of the 
ejaculatory ducts can occur. Since ejaculatory duct 
obstruction is associated with congenital absence of 
the vas deferens, a condition that is nonsurgically 
correctable, it is essential to confirm that the vasa are 
palpable bilaterally before proceeding with further 
evaluation of possible ejaculatory duct obstruction. 


Complete Ejaculatory Duct Obstruction 


Bilateral complete ejaculatory duct obstruction results 
in only prostatic fluid contributing to the ejaculate. The 
prostatic contribution has 0.5 to 10.0 cc of volume with 
a watery appearance and a typical pH of 6.5. Both the 
fructose and the coagulum contained in the ejaculate 
are produced by the seminal vesicles. In the presence 
of bilateral ejaculatory duct obstruction, the ejaculate 
will lack sperm, coagulum, and fructose. Men with pal- 
pable vasa and low-volume azoospermia with an acidic 
semen specimen should be evaluated for the presence 
of complete bilateral ejaculatory duct obstruction. 


Partial Ejaculatory Duct Obstruction 


The clinical presentation of partial ejaculatory duct 
obstruction is highly variable. Therefore, the indica- 
tions for evaluation of partial ejaculatory duct obstruc- 
tion are controversial. Previously published indications 
for evaluation (33) include low ejaculate volume (less 
than 1.5 cc), very poor sperm motility (less than 30%), 
or oligospermia (less than 20 x 10° sperm/cc) in the 
presence of normal testicular volume (greater than 18 
cc). Abnormal serum testosterone levels and a lack of 
response to known, effective treatments such as vari- 
cocelectomy are also factors that should prompt evalu- 
ation. Infertile men who fail to respond with an 
improvement in semen parameters after varicocelec- 
tomy, as well as those with low ejaculate volume, and 
impaired motility or oligospermia in the presence of 
normal testicular volume and serum testosterone level 
(greater than 350 ng/dL) should be evaluated for par- 
tial ejaculatory duct obstruction. 


Evaluation for Ejaculatory Duct Obstruction 


The level of ejaculatory duct obstruction can be evalu- 
ated with high-resolution TRUS, vasography, or tran- 
srectal injection of the seminal vesicles with contrast 
media. In most cases, TRUS may be considered a 
simple, minimally involved procedure to image the 
prostate, ejaculatory ducts, seminal vesicles, and vas 
deferens in an effort to detect the presence and site of 
ejaculatory duct obstruction. (For further information 
on TRUS and other imaging modalities, please refer to 
Chapter 28.) 

The seminal vesicles are located lateral to the 
vasal ampullae. In typically symmetrical, paired 


organs, multiple attempts have been made to charac- 
terize the normal TRUS appearance of seminal vesicles. 
Carter et al. (34) recommended that only the greatest 
length on sagittal images and the anteroposterior 
diameter were useful in describing seminal vesicle 
size. Seminal vesicles have been arbitrarily defined as 
enlarged when the anteroposterior dimension exceeds 
1.5 cm. Volumetric criteria have also been proposed, 
but Jarow (35) found that none of these criteria were 
useful in distinguishing a population of fertile from 
infertile men. Sufficient data do not currently exist to 
identify men with ejaculatory duct obstruction based 
on TRUS evaluation of the seminal vesicles alone. More 
recent studies by Jarow et al. (36) have suggested that 
evaluation of an aspirated specimen from the seminal 
vesicles provides greater insight into the presence or 
absence of obstruction: Men who have ejaculated 
within 24 hours should have less than 3 sperm/hpf in 
the seminal vesicle fluid in contrast to men with 
ejaculatory duct obstruction, who have many sperm in 
the seminal vesicle fluid. This diagnostic procedure 
may be combined with injection of radiographic or 
visual dye and transurethral resection or dilation 
of the ejaculatory ducts to effect successful treatment 
of obstruction. 

Vasal segments can be visualized by TRUS behind 
the bladder to their junction with the seminal vesicles. 
Dilation of the vasa, defined by the presence of intralu- 
minal anechoic fluid or hyperechoic material, strongly 
suggests dysfunction or obstruction of the vas. Vasal 
dilation may be present in neurogenic abnormalities of 
ejaculation such as in men with diabetes or spinal cord 
injury, as well as obstruction to the vas deferens. Vasal 
obstruction is typically untreatable because the obstruc- 
tion is outside of the prostate and unresectable. 
Therefore, vasal dilation in the presence of ejaculatory 
duct dilation may support a diagnosis of ejaculatory 
duct obstruction and should be sought. The presence 
of vasal dilation without ejaculatory duct obstruction, 
however, does not support the diagnosis of a treatable 
obstruction. 


Treatment of Ejaculatory Duct Obstruction 


The standard treatment of ejaculatory duct obstruction 
involves transurethral resection of the ejaculatory 
ducts. Prior to transurethral resection of presumed 
ejaculatory duct obstruction in an azoospermic man, it 
is important to document sperm production. This may 
be provided with a formal testis biopsy and confirma- 
tory wet prep evaluation; however, less-invasive 
approaches described below are equally effective when 
ejaculatory duct obstruction exists in the absence of a 
Mullerian duct cyst. Transurethral resection has been 
described with (i) no adjunctive guides for identifica- 
tion of the ejaculatory ducts, (ii) injection of dye into 
the seminal vesicles prior to resection, (iii) concomitant 
TRUS, (iv) simultaneous vasotomy and vasography 
(dilute methylene blue), or (v) after injection of the 
seminal vesicles with radiographic contrast and 


methylene blue or indigo carmine dye. Clearly, vasog- 
raphy is the most involved procedure, requiring 
microsurgical closure of the vasotomy sites. 


Transurethral Resection 


The candidate for treatment of presumed ejaculatory 
duct obstruction with transurethral resection is brought 
to the operating room and given broad-spectrum anti- 
biotics. TRUS is performed and the seminal vesicles 
aspirated with a long 18-gauge needle. The aspirate is 
examined using a phase contrast microscope. If many 
sperm (greater than 3/hpf) are seen in the aspirate, 
then a mixture of radiographic contrast tinged with 
methylene blue is injected into the seminal vesicles 
under TRUS control. A radiograph may be taken, pref- 
erably with an air-filled Foley balloon in the bladder, 
to help identify the bladder neck and avoid spillage of 
contrast into the bladder. The patient is placed on the 
operating table either in the dorsal lithotomy position 
or in a position that enables the ability to adduct the 
patient’s legs. As an alternative to this approach, vaso- 
tomies may be performed under the operating micro- 
scope. Vasal fluid is sampled by 2Fr catheters placed 
well into the vasa. Cystoscopy is performed and the 
lateral side of the verumontanum resected on the 
side(s) of the obstruction. If a Mullerian cyst is present 
in the midline, then further resection is performed in 


Figure 16 Results of standard technique for resection of obstructed 


ejaculatory ducts. Note the large defect in the prostatic fossa that 
may allow pooling of urine in the prostatic fossa and contamination of 


the ejaculate with urine. 
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the midline of the prostate proximal to the verumonta- 
num to completely unroof the cyst. If no Mullerian cyst 
is present, then the standard treatment is to resect the 
obstructed ejaculatory duct(s) until a dilated region of 
the ejaculatory duct is seen, or free flow of dye into the 
urethra is seen with injection of dye through the vas 
(Fig. 16). Resection along the ejaculatory duct is a haz- 
ardous procedure if the obstruction is proximal, the 
ejaculatory duct cannot be visualized, or the surgeon is 
inexperienced with the procedure. Because the typical 
infertility patient is young and has a small prostate, 
therefore, resection is carried out very close to the 
rectum, sphincter, and bladder neck. Some surgeons 
may be more comfortable with an O’Connor sheath in 
the rectum to digitally assess the proximity of resec- 
tion to the rectum as well as having dye injectable 
through the vas deferens to guide resection. Hemostasis 
is obtained with minimal cautery to avoid structuring 
the newly opened ejaculatory ducts. 


Balloon Dilatation 


An alternative approach is to perform a minimum of 
resection until direct access to the ducts is obtained. 
For occasional patients, no resection is necessary prior 
to transurethral dilation of the ejaculatory ducts. Most 
patients, however, will require at least partial resection 
of the verumontanum prior to dilation. The obstructed 
ejaculatory duct(s) are cannulated and dilated to 4 mm. 
A catheter that is 4 mm wide (dilated width) and 2 cm 
long is used for transurethral dilation. The presence of 
a narrow silicone or Teflon leader on the balloon dila- 
tion catheter facilitates intubation of the ejaculatory 
duct. Prior to dilation, the balloon catheter is less than 
0.04 in. in diameter and is able to be passed through 
most ejaculatory duct strictures (Fig. 17). Long-term 
follow-up with dilation is necessary before this tech- 
nique can be considered the standard approach to 
replace transurethral resection of obstructed ejacula- 
tory ducts. 


Figure 17 Schematic depiction of technique for balloon dilation of 
ejaculatory duct strictures. 
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When free flow of fluid through the vasotomy is 
obtained after resection or dilation, the procedure is 
terminated and a 22Fr urethral catheter with a 30 cc 
balloon is carefully placed in the bladder with a 
mandarin stylet. Blind passage of catheter should be 
avoided as it can easily enter a large Mullerian cyst, 
resulting in a large false passage and undermining of 
the bladder neck. The vasotomy sites are closed with 
10-0 and 9-0 monofilament nylon as typically per- 
formed in a two-layer vasovasostomy. The catheter 
can be removed the next morning and the patient 
discharged from the hospital. 


Results of Treatment of Ejaculatory 
Duct Obstruction 


Most published series of treatment of ejaculatory duct 
obstruction are small. Several publications in the early 
1990s suggested than an increased number of cases of 
ejaculatory duct obstruction can be found with appli- 
cation of TRUS to the infertile male (37-41). Overall, 
only about one half of all patients who undergo 
attempted surgical treatment for ejaculatory duct 
obstruction will have sperm appear in the ejaculate 
postoperatively; of these, only one half of those 
patients who have a patent reconstruction will con- 
tribute to a pregnancy, or a quarter of all men who 
undergo treatment. These results are far less success- 
ful than those achieved after reconstruction of other 
reproductive tract obstructions such as microsurgical 
vasovasostomy. For the 50% of men who have no 
sperm in the ejaculate postoperatively, the questions 
that need to be answered are: (i) is the treated site of 
obstruction patent and (ii) are sperm present in the 
vas proximal to the treated site of obstruction? The 
high rate of failure of patency achievement reinforces 
the importance of documenting the presence of sperm 
in the seminal vesicles by aspiration, or within the vas 
deferens with a vasotomy at the time of reconstruc- 
tion. Given the overall low success rate of treatment, 
cryopreservation of sperm retrieved at the time of 
reconstructive surgery for ejaculatory duct obstruc- 
tion is suggested. 

Additional reasons for failure to achieve preg- 
nancy after relief of ejaculatory duct obstruction may 
relate to the anatomical effects of transurethral resec- 
tion of the ejaculatory ducts. Resection of the prostate 
to reach the ejaculatory ducts will necessarily result in 
an increased diameter of the prostatic urethra. The 
prostatic urethra will fill with urine between ejacula- 
tions. Emission of fluid from the seminal vesicles, pros- 
tate, and vas deferens will then mix with urine in the 
prostatic fossa, with urine contaminating the ejaculate. 
Many men will note a yellow color and urinary odor to 
the ejaculate after transurethral resection of the ejacu- 
latory ducts. Men with these findings after surgery for 
ejaculatory duct obstruction should be instructed to 
alkalinize the urine with Poly-citra (potassium citrate, 
5 cc orally, taken eight hours and two hours prior 
to producing a specimen; manufactured by Alza 
Pharmaceuticals, Mountain View, California, U.S.A.). 


In addition, men should dilute the urine as much as 
possible to minimize any adverse effects of high osmo- 
larity on sperm function. This is achieved by drinking 
one liter of water or other liquid during the hour prior 
to producing a semen specimen, and urinating just 
prior to producing the specimen. 

Complications of ejaculatory duct resection may 
be severe and significant. Proper attention to resection 
of only the ejaculatory ducts can avoid the most 
significant side effects. Complications can occur 
because of the small prostate in younger infertility 
patients and the relatively deep resection necessary to 
reach some obstructions. Most complications, such as a 
rectourethral fistula and incontinence due to sphinc- 
teric injury, are avoided by careful delineation of the 
ejaculatory ducts during the resection. If the surgeon is 
able to follow the course of the ejaculatory ducts during 
resection, then inadvertent injury to the rectum and 
other normal organs is highly unlikely. 

Unfortunately, deep resection may affect ejacula- 
tory function, allowing retrograde ejaculation due to 
undermining of, or direct injury to, the bladder neck. 
Scarring at the bladder neck may cause urinary (blad- 
der neck) obstruction from contractures. Impairment 
of sperm quality may occur because of excessive coag- 
ulation near the ejaculatory ducts, causing scarring and 
obstruction of these narrow structures. High (proximal) 
obstructions may also restrict when the prostatic fossa 
heals and the resected ejaculatory duct is sequestered 
above the prostatic fossa, if the site of resection was 
above and posterior to the bladder neck. 

Normally, reflux of urine from the urethra into 
the ejaculatory ducts during voiding is prevented by 
the angle of entry of the ejaculatory ducts into the ver- 
umontanum and urethra. After resection of the ejacu- 
latory ducts and prostate, this anatomical relationship 
is destroyed, and reflux of urine up the vasa is possible 
during micturition. Clinically, urinary reflux after 
transurethral resection of the ejaculatory ducts is 
detectable with voiding cystourethrography and may 
be associated with a deterioration in semen parame- 
ters. Balloon dilation appears to have a lower rate of 
urinary contamination of the ejaculate after treatment 
of ejaculatory duct obstruction. Similarly, an improve- 
ment in semen parameters occurs after balloon dilation 
when compared to transurethral resection alone. 

The frequency of complete bilateral ejaculatory 
duct obstruction is low. The benefits of treatment for 
men with partial ejaculatory duct obstruction are 
not always certain and must be balanced against the 
potential complications of treatment such as urinary 
reflux. Although balloon dilation for ejaculatory duct 
obstruction apparently has lower complication rates, 
long-term follow-up of postprocedural success rates 
is needed. 


O ORCHIOPEXY 


The incidence of undescended testes (UDT) at birth is 
approximately 3%, and 15% of these are bilateral (42). 


Spontaneous descent may occur up to one year of age, 
when the incidence of UDT falls to 0.8%. It is well 
known that cryptorchidism is associated with a high 
incidence of infertility, even when it is unilateral. This 
is presumably due to an elevation in scrotal tempera- 
ture, as an adverse effect of higher temperature on 
spermatogenesis for infertile adult males with retrac- 
tile or UDT has been suggested (43). It is thought that 
orchiopexy may restore spermatogenesis, and thus 
fertility potential may be restored by early interven- 
tion, preferably around one year of age. Therefore, 
orchiopexy may improve spermatogenic function and 
sperm counts for some infertile men with retractile or 
UDT, albeit not as adults. (For further information on 
cryptorchidism, please refer to Chapter 13.) 

Surgery to correct retractile or UDT requires relo- 
cation of the testes to the scrotum without tension. This 
requires testis localization, mobilization, cord dissec- 
tion, and isolation of the patent processus vaginalis. 
Both inguinal and scrotal approaches can be used to 
effect the correction of these conditions. 


Inguinal Approach 


An initial inguinal approach is needed for all testes 
that are on tension when they are brought into the 
scrotum on initial examination, as well as those testes 
that cannot be brought into the scrotum at all on physi- 
cal examination. In cases where the testis cannot be 
secured in the scrotum by an inguinal approach alone, 
the testis must be secured in the scrotum with a com- 
bined inguinal and scrotal approach. 


Retractile Testes 


Retractile testes may be placed in the scrotum using an 
inguinal incision with release of all external spermatic 
vessels and muscles (specifically, the cremasteric mus- 
culature). To effect this release, a subinguinal incision 
is fashioned and the spermatic cord is isolated over the 
pubis. The spermatic cord is delivered and the external 
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Figure 18 Release of external spermatic (cremasteric) muscula- 
ture during inguinal approach to orchiopexy for retractile testes in 
the adult. 
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spermatic fascia is opened. Identification and preser- 
vation of the vas deferens and its associated paired 
arteries and lymphatics are carried out, followed by 
division of all external spermatic structures. The 
cremaster muscles are further dissected off of the 
exposed internal spermatic fascia until a dependent 
position is secured for the testis (Fig. 18). In rare cases, 
it may be necessary to secure the testis in a subdartos 
scrotal pouch using a scrotal approach. 


Undescended Testes 


Approach to the UDT should be made using an ingui- 
nal incision. The spermatic cord should be isolated 
above the testis. To isolate the cord, the external sper- 
matic attachments to the cord should be divided, start- 
ing at the lateral attachments to the cord. Care should 
be taken at all times to avoid entering the internal 
spermatic fascia that surrounds the testicular vessels, 
which will prevent inadvertent injury to the blood 
supply to the testis. The testis is progressively mobi- 
lized until it can be brought without tension into the 
scrotum. The testis is secured in the scrotum within a 
subdartos pouch. 


Scrotal Approach 


A scrotal approach is used for the unusual cases of 
testes that are pushed back up into the subcutaneous 
tissues of the low inguinal region by a hyperactive 
scrotum that can result from overactive dartos contrac- 
tions. In addition, a scrotal approach may augment 
inguinal dissection of UDT and help to secure a depen- 
dent position of the testes within the scrotum. 

The incision for the creation of a subdartos pouch 
is made transversely over a dependent portion of the 
scrotum. The dartos muscle is dissected off of the scro- 
tal skin to create an area of adequate volume that will 
comfortably hold the testis and epididymis. Care must 
be taken to create this pouch in a dependent portion of 
the scrotum, remaining in the relatively avascular 
plane between skin and dartos muscle. The testis is 
then brought through a small opening in the dartos 
muscles and arranged comfortably in the subdartos 
pouch. If there is any tension whatsoever on the scrotal 
skin, a nylon suture may be placed through the inferior 
medial or lateral tunica albuginea that is brought out 
through the dependent scrotal skin and tied over a 
cotton pledget or Kitner dissector. The pledget is left in 
place for 10 days to two weeks, and then removed with 
the entire nylon suture. Closure is carried out in two 
layers, subcutaneous and skin level, using absorbable 
synthetic sutures to avoid the risk of the testis eviscer- 
ating through the incision. 


O TREATMENT CHOICE: COST- 
EFFECTIVENESS CONSIDERATIONS 


With the introduction of advanced reproductive tech- 
nologies, the options for the specific treatment of male 
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infertility, or even bypassing the problem entirely 
using ICSI, now exist. For azoospermic men, sperm 
retrieval with ICSI is possible. Several studies (18,44,45) 
have attempted to compare these treatments using a 
cost-effectiveness analysis that examines cost per 
success rate (cost per infant delivery). For men with 
vasectomy-associated infertility, the chance of preg- 
nancy and the cost-per-delivery were significantly 
higher for vasectomy reversal when compared with 
sperm retrieval-ICSI. 

In order to evaluate the relative cost-effectiveness 
of varicocelectomy versus ICSI for varicocele-associ- 
ated infertility, the authors have created a model for 
U.S. costs and expected results from controlled series 
of varicocelectomy, as well as ICSI studies published 
in the United States (18). In this study, the overall 
expected U.S. delivery rate at the best centers was 28% 
per attempt, whereas a 30% delivery rate was obtained 
after surgical varicocelectomy alone. The cost-per- 
delivery (taking into account all costs of treatment, 
including the costs of complications of varicocelectomy 
or ICSI) was over $89,000 for ICSI, but only $26,268 
after varicocelectomy. The dramatic cost-effectiveness 
of varicocelectomy must be considered when selecting 
potential treatment options during the initial manage- 
ment of varicocele-associated infertility. 
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more effective treatment with lower morbidity. 
Appropriate training in microsurgery and overall 
experience with surgical techniques will produce the 
most effective treatment of the infertile man. 
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O VASECTOMY 


Vasectomy is a safe and effective method of permanent 
contraception (1). In the United States, it is employed 
by nearly 7% of all married couples and performed on 
approximately one-half million men per year—more 
than any other urological surgical procedures. 
Impressive as these numbers may seem, far fewer 
vasectomies are performed, than female sterilizations 
by tubal ligation worldwide (2); this is in spite of the 
fact that vasectomy is less expensive and associated 
with much less morbidity and mortality than tubal 
ligation. Some men fear pain and complications, 
whereas others falsely equate vasectomy with castra- 
tion or loss of masculinity. Although vasectomy is 
conceptually a very simple procedure, its technical 
difficulty is reflected in the markedly increased 
incidence of postoperative complications in the hands 
of surgeons who perform relatively few vasectomies 
per year (3). Efforts to enhance the popularity of 
vasectomy have led the Chinese to develop refined 
methods of vasectomy that minimize trauma, pain, 
and complications. 


Local Anesthesia for Vasectomy 


Vasectomy can be safely performed as an outpatient 
procedure using local anesthetics. Poor local anesthetic 
technique can result in pain and hematoma formation. 
Valium 10 mg, given orally one hour before the proce- 
dure, relaxes the patient and his scrotum. 

The vas deferens is separated from the spermatic 
cord vessels, manipulated to a superficial position 
under the scrotal skin, and firmly trapped between the 
middle finger, the index finger, and thumb of the left 
hand (Fig. 1). A 1 cm-diameter superficial skin wheal is 
raised using a 1.5 in., 25-gauge needle, and 1% plain 
lidocaine (without epinephrine). The needle is then 
advanced within the perivasal sheath toward the exter- 
nal inguinal ring, and 2 to 5 mL of lidocaine is injected 
around the vas without moving the needle in and out 
(Fig. 2). This produces a vasal nerve block (4) and mini- 
mizes edema at the actual vasectomy site. The original 


skin wheal is pinched to reduce local edema. The rela- 
tively large amount of anesthetic used assures a 
complete block and is well below the limits of toxicity. 
Injection away from the vasectomy site into the periva- 
sal sheath prevents interference with exposure due to 
local edema. Avoidance of multiple punctures and 
excess needle movement minimizes the risk of hema- 
toma. The site of the needle puncture hole is indicated 
with a marking pen so that the anesthetized area can 
be readily reidentified. 


Conventional Incisional Techniques 
of Vasectomy 


With the vas mobilized to a superficial position under 
the scrotal skin, two 1 cm bilateral transverse incisions 
or a single median raphe incision are carried down 
through the vas sheath until the bare vas is exposed 
(Fig. 3) and delivered. The deferential artery, veins, 
and accompanying nerves are dissected free of the vas 
and spared. A small segment is removed and the ends 
occluded using one of the techniques described later in 
this section. Suture closure of the scrotal wounds is 
optional. Leaving the small incisions open helps pre- 
vent hematoma formation. The wound seals itself in 
24 hours. Fluff gauze dressings are held in place by a 
snug-fitting athletic supporter. 


No-Scalpel Vasectomy 


An elegant method for gaining access to the vas defer- 
ens though a single tiny puncture hole was developed 
in China in 1974 (5) and introduced to the United States 
in 1985 (4). This method eliminates the use of the scal- 
pel, results in fewer hematomas and infections, and 
leaves a much smaller wound than conventional meth- 
ods of accessing the vas deferens for vasectomy (6). 
The vas deferens is fixed under the median raphe, 
and vasal nerve block is performed as described previ- 
ously. After both vasa have been anesthetized, the 
right vas is again fixed under the previously marked 
needle puncture site, with the left hand, using the 
three-finger method. The ring-tipped fixation clamp 
(Fig. 4) is grasped with the right hand and opened 


386 Chan and Goldstein 


Figure 1 Three-finger technique of fixing the right vas deferens with 
the left hand. The surgeon is standing on the patient’s right side. 


while pressing downward, stretching the scrotal 
skin tightly over the vas and locking the vas within 
the clamp. 

The ringed clamp is placed in the left hand and 
the trapped vas elevated with the left thumb, tighten- 
ing the scrotal skin over the vas (Fig. 5). Using one 
blade, a sharp, pointed, curved mosquito hemostat 


Inguinal Ring 


Figure 2 Vasal nerve block away from the vasectomy site. 


Figure 3 Incisional technique of accessing the vas. 


(Fig. 6) is introduced through the same needle punc- 
ture hole used for anesthesia to puncture the scrotal 
skin, vas sheath, and vas wall (Fig. 7). 

If the scrotum is thick or tight, the skin is first 
punctured with the sharp, curved hemostat and spread 
until the vertical slit-like opening in the median raphe 
is just large enough to introduce the ringed clamp. The 
ringed clamp is introduced into the opening, and the 
vas is grasped and brought up to the opening; the pro- 
cedure then follows as described above. 

The single blade of the hemostat is withdrawn, 
and the closed tip of the instrument is introduced 
through the same puncture hole. The blades of the 
clamp are gently opened, spreading all layers until the 


Figure 4 Ring-tipped vas deferens fixation clamp: cantilevered 
design prevents injury to the scrotal skin. 


Figure 5 Vas fixed in the ring clamp. Scrotal skin is tightly stretched 
over the most prominent portion of the vas. 


bare vas can be visualized. Using the right blade of the 
hemostat, the vas wall is skewered from inside the 
lumen out at a 45° angle, and the hemostat is rotated 
laterally 180° (Fig. 8). The vas is delivered through the 
puncture hole, while the ringed fixation clamp is 
released (Fig. 9). The ring clamp is used to secure the 
delivered vas. The sharp hemostat is used to clean the 
vasal vessels away from the vas, yielding a clean seg- 
ment at least 2 cm in length (Fig. 10). 

At this point, the vas is divided and occlusion 
performed using one of the techniques described later 
in this section. 

After checking for bleeding, the ends of the right 
vas are returned to the scrotum. The left vas is then 
fixed directly under the same puncture hole using the 
three-finger technique. Alternatively, the ring clamp 
can first be introduced through the puncture hole, 
encircling the vas without the overlying skin. The 
remainder of the procedure is identical to that described 
for the right side. After both vasa are returned to the 
scrotum, the puncture hole is pinched for a minute and 
inspected for bleeding. The puncture hole contracts 
and is virtually invisible. Antibiotic ointment is applied 
to the site and sterile fluff dressings held in place with 
a snug-fitting athletic supporter. 


Figure 6 Sharp, curved mosquito hemostat. 
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Figure 7 Puncture of the skin, vas sheath, and wall into the 
lumen. 


Studies in the United States and China (4), as well 
as a large controlled study carried out in Thailand, 
comparing no-scalpel to conventional vasectomy (7), 
have clearly shown that the no-scalpel technique 
results in a significantly reduced incidence of hema- 
toma, infection, and pain. In addition, the no-scalpel 
vasectomy is performed in about 40% less time. 

Although this method of vasectomy appears 
deceptively simple, it is more difficult to learn than 
conventional vasectomy and requires intensive hands- 
on training. Its use, however, may enhance the popu- 
larity of vasectomy and make it a more significant part 
of the urologist’s practice. 


Methods of Vasal Occlusion and 
Vasectomy Failure 


The technique employed for occlusion of the vasal 
lumina, as well as the length of vas removed, deter- 
mines the incidence of recanalization. Suture ligature, 
still the most common method employed worldwide, 
may result in necrosis and sloughing of the cut end 
distal to the ligature. If this occurs on the testicular end 
of the cut vas, a sperm granuloma will result. If both 
ends slough, recanalization is more likely to occur. 


Figure 8 Vas wall is skewered from inside the lumen with one 
blade of the clamp and the vas delivered. 
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Figure 9 Delivery of clean vas. 


The incidence of vasectomy failure ranges from 1% to 
5% when ligatures alone are used for occlusion. 

When the vasa are sealed with two medium 
hemoclips on each end, failure rates are reduced to less 
than 1% (8,9). The wider diameter of hemoclips com- 
pared to sutures more evenly distributes pressure on 
the vasal wall, resulting in less necrosis and sloughing. 

Intraluminal occlusion with needle electrocau- 
tery or battery-driven thermal cautery, set at a power 
sufficient to destroy mucosa but not high enough to 
cause transmural destruction of the vas, reduces recan- 
alization rates to less than 0.5% (10). At least 1 cm of 
lumen should be cauterized in each direction. Thermal 
wires should be rotated to cauterize the entire mucosal 
surface. The appearance of smoke is a good endpoint. 

Interposing fascia between the cut ends, folding 
back of the vasal ends, and securing one end within the 
dartos muscle are all techniques that have been 


Figure 10 Segment cleaned. 


advocated with the intent of reducing vasectomy fail- 
ure rates (11). No controlled studies have been per- 
formed that document the efficacy of any of these 
methods in reducing failure rates. Moreover, these 
techniques complicate vasectomy and increase the 
time required to perform the procedure. 

The length of vas removed undoubtedly influ- 
ences the rate of vasectomy failure. Removing very 
long segments will reduce the possibility of recanaliza- 
tion. Such destructive procedures are more likely to be 
associated with postoperative hematomas and will 
lessen the possibility of future vasectomy reversal. 
Most urologists insist on removal of a segment of vas 
for pathologic verification, primarily for medicolegal 
reasons. Even from the legal point of view, a patholo- 
gist’s report confirming the presence of vas in the 
vasectomy specimen offers little or no protection from 
litigation. Documented counseling, diligent follow-up 
to obtain at least one and preferably two azoospermic 
semen specimens postoperatively, and careful selec- 
tion of appropriate candidates for vasectomy in the 
first place will provide the best protection from mal- 
practice suits. 


Preferred Methods of Occlusion 


Occlusion techniques that result in very low rates of 
recanalization without destruction of excessively long 
segments of vas or complicated, time-consuming strat- 
egies include the following: 


1. Removal of a1 cm segment followed by intralumi- 
nal thermal cautery with a battery-driven device 
for a distance of 1 cm in each direction, plus appli- 
cation of a medium hemoclip on each end distal to 
the cauterized segment (this is the authors’ pre- 
ferred technique) 

2. Intraluminal cautery as described above plus sepa- 
ration of the vasal ends into different tissue planes 
with or without removal of a segment 

3. Sealing with double-medium hemoclips on each 
end, 1 cm apart, after removal of a 1 cm segment, 
with or without separation into different tissue 
planes 


Postoperative Semen Analysis 


No technique of vasal occlusion, short of removing the 
entire scrotal vas, is 100% effective (12). Follow-up 
semen analysis with the goal of obtaining at least one 
and preferably two absolutely azoospermic specimens 
four to six weeks apart is recommended. If any motile 
sperm are found in the ejaculate three months after 
vasectomy, the procedure should be repeated. If rare, 
nonmotile sperm are found, contraception may be 
cautiously discontinued and repeat semen analysis 
done every three months. Rare, motile, and nonmotile 
complete sperm in a spun semen analysis pellet are 
found in 10% of semen specimens at a mean of 10 years 
after vasectomy (13). 


Complications of Vasectomy 
Hematoma and Infection 


Hematoma is the most common complication of vasec- 
tomy, with an average incidence of 2% ranging from 
0.09% to 29% (3). Infection is surprisingly common, 
with an average rate of 3.4%, but several series report 
rates from 12% to 38% (14-16). The experience of the 
vasectomist is the single most important factor relating 
to the occurrence of complications (3). The hematoma 
rate was significantly higher among physicians 
performing 1 to 10 vasectomies per year (4.6%) than 
among those performing 11 to 50 vasectomies per 
year (2.4%), or greater than 50 vasectomies per year 
(1.6%). A similar relationship was seen for hospital- 
ization rate. 


Sperm Granuloma 


Sperm granulomas form when sperm leak from the 
testicular end of the vas. Sperm are highly antigenic, 
and an intense inflammatory reaction occurs when 
sperm escape outside the reproductive epithelium. 
Sperm granulomas are rarely symptomatic. The pres- 
ence or absence of a sperm granuloma at the vasectomy 
site seems to be of importance in modulating the local 
effects of chronic obstruction on the male reproductive 
tract. The sperm granuloma’s complex network of epi- 
thelialized channels provides an additional absorptive 
surface that helps vent the high intraluminal pressure 
in the obstructed excurrent ducts. Numerous animal 
studies have correlated the presence or absence of 
sperm granuloma at the vasectomy site with the degree 
of epididymal and testicular damage. Species that 
always develop granulomas after vasectomy have 
minimal damage to the seminiferous tubules. Some 
studies of men undergoing vasectomy reversal have 
revealed somewhat higher success rates in men who 
have a sperm granuloma at the vasectomy site (17), 
whereas another large study has not (18). 

Although sperm granulomas at the vasectomy 
site are present, microscopically, in 10% to 30% of men 
undergoing reversal, it is likely that, given enough 
time, virtually all men will develop sperm granulomas 
at the vasectomy site, the epididymis, or the rete testis. 

When chronic postvasectomy pain is localized to 
the granuloma, excision, and occlusion of the vasa with 
intraluminal cautery usually relieves the pain and pre- 
vents recurrence (19). On the other hand, men with 
postvasectomy congestive epididymitis may be relieved 
of their pain by open-ended vasectomy designed to 
purposefully produce a pressure-relieving sperm gran- 
uloma; however, it should be pointed out that some 
investigators have raised concern of potential vasec- 
tomy failure with the open-ended technique (20). 


Long-Term Effects of Vasectomy 


Long-term effects of vasectomy in humans include vas- 
itis nodosa, chronic testicular and/or epididymal pain, 
alterations in testicular function, chronic epididymal 
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obstruction, postulated systemic effects of vasectomy, 
and, possibly, an increased incidence of prostate cancer 
(21). Vasitis nodosa is a benign disorder characterized 
macroscopically by nodularity of the vas. Micros- 
copically, there is perivasal proliferation of tubules 
lined with epithelium and stromal inflammation with 
infiltration of histiocytes, polymorphonuclear leuko- 
cytes, and Langerhans giant cells. Although vasitis 
nodosa has been reported in up to 66% of vasectomy 
specimens in men undergoing vasectomy reversal 
(22), this entity does not appear to be associated with 
pain or significant medical sequelae. 

In humans, micropuncture studies have revealed 
that the markedly increased pressures that occur on 
the testicular side of the vas as well as the epididymis 
after vasectomy are not transmitted to the seminifer- 
ous tubules (23). Therefore, little disruption of sper- 
matogenesis is expected in humans. Biopsies up to 
15 years after vasectomy show the testes to be essen- 
tially normal by light microscopy. Electron microscopic 
studies, however, have revealed thickening of the basal 
lamina and scattered areas of disrupted spermatogen- 
esis in portions of the biopsy specimens (24). Chronic 
orchalgia and/or epididymal pain after vasectomy 
may occur in up to 15% of patients (25). In some cases, 
vasectomy reversal—or, alternatively, an open-ended 
vasectomy, as described previously—might be consid- 
ered. The brunt of pressure-induced damage after 
vasectomy falls on the epididymis and efferent duct- 
ules. These structures become markedly distended, 
adapting to reabsorb large volumes of testicular fluid 
and sperm products. When pain and tenderness are 
localized in the epididymis, total epididymovasec- 
tomy, including removal of the testicular vasal rem- 
nant, relieves pain in 95% of men (26). 

Systemic effects of vasectomy have been postu- 
lated. Vasectomy disrupts the blood-testis barrier, 
resulting in detectable levels of serum antisperm 
antibodies in 60% to 80% of men (27,28). Some studies 
suggest that the antibody titers diminish two or more 
years after vasectomy, while others suggest that these 
antibody titers persist; however, neither circulating 
immune complexes nor deposits are increased after 
vasectomy in man (29). Studies in animals and man 
have failed to find any association between antisperm 
antibodies and immune complex—mediated diseases 
such as lupus erythematosus, scleroderma, rheuma- 
toid arthritis, or myasthenia gravis (30). Although one 
study in cynomolgus monkeys found more frequent 
and extensive atherosclerosis of the major vessels 
in previously vasectomized monkeys fed a high- 
cholesterol diet (31), no evidence of excess cardiovas- 
cular disease (32), illness requiring hospitalization 
(33,34), or biochemical alterations (35) have been found 
in more than 15 reports (with 12 of these employing 
matched controls) examining thousands of men (36). 

Major among the controversies is the possible 
link between vasectomy and prostate cancer. Studies 
have found an increased risk of prostate cancer in men 
who had a vasectomy 20 years ago. Two large-scale 
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cohort studies, however, evaluated men from a wide 
range of socioeconomic strata and did not find a link 
between vasectomy and prostate cancer. Another 
study of vasectomy sequelae found no increased inci- 
dence of cancer or other diseases (36). 

The most likely explanation for the increased 
diagnosis of prostate cancer in vasectomized men is 
detection bias. Vasectomized men are more likely to 
visit a urologist and, therefore, are more likely to have 
cancer diagnosed earlier. Further, men who choose to 
undergo vasectomy may be more likely to seek health 
care, increasing their opportunity for prostate cancer 
detection. A multidisciplinary National Institutes of 
Health panel concluded that the epidemiologic associ- 
ations between vasectomy and prostate cancer 
are weak. It recommended no change in clinical or 
public health practice and said that screening for 
prostate cancer should not be any different for vasecto- 
mized men (37). 

Nevertheless, men seeking vasectomy should be 
informed of these and other related studies and should 
be counseled about the controversies. The American 
Urological Association now recommends annual digi- 
tal rectal examination and serum prostate-specific anti- 
gen (PSA) assay for men who had had a vasectomy 
more than 20 years ago, or who had been older than 40 
at the time of vasectomy. 


O VASOVASOSTOMY 


The number of American men who undergo vasec- 
tomy has remained stable at about 500,000 per year, as 
has the divorce rate of 50%. Surveys suggest that 2% to 
6% of vasectomized men will ultimately seek reversal. 
Furthermore, obstructive azoospermia can be the result 
of iatrogenic injuries to the vas deferens, usually from 
hernia repair (38), in 6% of azoospermic men (39). 
Recent cost-effectiveness analyses (40,41) have shown 
that microsurgical reconstruction, in cases that are fea- 
sible, is a more cost-effective initial approach and typi- 
cally yields better pregnancy rates than sperm retrieval 
combined with in vitro fertilization (IVF) and intracy- 
toplasmic sperm injection (ICSI). 


Preoperative Evaluation 


Prior to attempted surgical reconstruction of the repro- 
ductive tract, spermatogenesis in the patient should be 
evident. A prior history of natural fertility prevasec- 
tomy is usually adequate. In other cases, a testicular 
biopsy may be indicated to confirm the presence of 
spermatogenesis. 


Physical Examination 


1. Testis: a small or soft testes suggests impaired sper- 
matogenesis and predicts a poor outcome. 

2. Epididymis: an indurated, irregular epididymis 
often predicts secondary epididymal obstruction, 
necessitating vasoepididymostomy. 


3. Hydrocele: the presence of a hydrocele in the face of 
excurrent ductal system obstruction is often 
associated with secondary epididymal obstruc- 
tion. Surgeons attempting reconstruction should 
be aware of the possibility of requiring a 
vasoepididymostomy. 

4. Sperm granuloma: a sperm granuloma at the testicu- 
lar end of the vas suggests that sperm have been 
leaking at the vasectomy site. This vents the high 
pressures away from the epididymis and is associ- 
ated with a better prognosis for restored fertility 
regardless of the time interval since vasectomy. 

5. Vasal gap: when a very destructive vasectomy has 
been performed, most of the scrotal straight vas 
may be absent or fibrotic, and the patient should 
be advised that inguinal extension of the scrotal 
incision will be necessary to mobilize an adequate 
length of vas to enable a tension-free anastomosis. 

6. Scars from previous surgery: operative scars in the 
inguinal or scrotal region should alert the surgeon 
to the possibility of iatrogenic vasal or epididymal 
obstruction. 


Laboratory Tests 


1. Preoperative semen analysis: preoperative semen 
analysis with centrifugation and examination of 
the pellet for sperm may provide helpful informa- 
tion. Complete sperm with tails are found in 10% 
of preoperative pellets at a mean of 10 years after 
vasectomy (13). Under these circumstances, sperm 
are certain to be found in the vas on at least one 
side, indicating a favorable prognosis for restored 
fertility. Men with a low semen volume should 
have a transrectal ultrasound to alert one to the 
possibility of an additional ejaculatory duct 
obstruction. 

2. Serum and antisperm antibody studies: the presence 
of serum antisperm antibodies corroborates the 
diagnosis of obstruction and the presence of active 
spermatogenesis. At present, this testis of unknown 
prognostic value and is optional. 

3. Serum follicle-stimulating hormone (FSH): men with 
small, soft testes should have serum FSH meas- 
ured. An elevated FSH predicts impaired sperma- 
togenesis and a poorer prognosis. 

4. PSA: all vasectomy reversal candidates over age 40 
should have serum PSA measured. 


Anesthesia 


Light general anesthesia is preferred. Slight move- 
ments are greatly magnified by the operating micro- 
scope and will disturb performance of the anastomosis. 
In cooperative and motivated patients, regional, or 
even local, anesthesia with sedation can be employed 
if the vasal ends are easily palpable, a sperm granu- 
loma is present, and/or the time interval since vasec- 
tomy is short, decreasing the likelihood of secondary 


epididymal obstruction. When large vasal gaps 
are present, extensions of the incisions high into the 
inguinal canal may be necessary. Furthermore, if 
vasoepididymostomy is necessary, the operating time 
could exceed four or five hours. Local anesthesia limits 
the options available to the surgeon. Hypobaric spinal 
anesthesia with long-acting agents such as Marcaine 
can provide four to five hours of anesthesia time; these 
have the additional advantage of eliminating lower 
body motion. Epidural anesthesia with an indwelling 
catheter can be equally effective. 


Surgical Approaches 
Scrotal Incisions 


Bilateral high vertical scrotal incisions provide the 
most direct access to the obstructed site in cases of 
vasectomy reversal. Length is usually a problem on 
the abdominal end but not on the testicular end. 
The location of the external inguinal ring is marked 
(Fig. 11). If the vasal gap is large, or the vasectomy site 
is high, this incision can easily be extended inguinally 
toward the external ring. If the vasectomy site is low, 
it is easy to pull up the testicular end. This incision 
should be made at least 1 cm lateral to the base of the 
penis. The testis should be delivered with the tunica 
vaginalis left intact; this provides excellent exposure 
of the entire scrotal vas deferens and, if necessary, the 
epididymis. 


Inguinal Incision 


An inguinal incision is the preferred approach in men 
when obstruction of the inguinal vas deferens from 
prior herniorrhaphy or orchiopexy is strongly sus- 
pected. Incision through the previous scar usually 
leads directly to the site of obstruction. If the obstruc- 
tion turns out to be scrotal or epididymal, it is a simple 
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matter to deliver the testis through the inguinal inci- 
sion or through a separate scrotal incision to perform 
the anastomosis. 


Preparation of the Vasa 


The vas should be mobilized enough to allow a ten- 
sion-free anastomosis. To preserve good blood supply, 
the vas should not be stripped of its periadventitial 
sheath. Transillumination of the sheath, by properly 
adjusting the operating light, allows clear visualization 
of the blood vessels, which facilitates dissection of the 
periadventitial sheath and prevents damage to the 
vasal vessels. The obstructed segment—and, if pres- 
ent, the sperm granuloma at the vasectomy site— 
should be dissected and excised. By staying right on 
the vas and/or sperm granuloma during this dissec- 
tion, the risk of injuring the testicular artery is reduced. 
Injury to adjacent cord structures, especially the testic- 
ular artery, is likely to result in testicular atrophy, since 
the vasal artery has usually been interrupted at the 
vasectomy site. 

When the vasal gap is extremely large, additional 
length can be achieved by blunt dissection with a 
gauze-wrapped index finger to separate the cord struc- 
tures from the vas. Blunt finger dissection through the 
external ring will free the vas to the internal inguinal 
ring if additional abdominal side length is necessary. 
These maneuvers will leave all the vasal vessels intact. 
In addition, the entire convoluted vas can be dissected 
free of its attachments to the epididymal tunica 
(Fig. 12), allowing the testis to drop upside-down. 
These maneuvers can provide an additional 4 to 6 cm 
of length. To maintain the integrity of the vasal vessels, 
this dissection is performed best using magnifying 
loupes or the operating microscope under low power. 
If the amount of vas removed is so large that even these 


Figure 11 Preferred incisions (solid lines) for vasectomy reversal 
allow extension (dotted lines) to external inguinal ring (marked by 
“X’) when abdominal vas is short. 


Figure 12 Convoluted vas dissected off of epididymal tunica 
provides additional length on testicular side. 
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measures fail to allow a tension-free anastomosis, the 
incision can be extended to the internal inguinal ring, 
the floor of the inguinal canal cut, and the vas rerouted 
under the floor, as in a difficult orchiopexy. An addi- 
tional 4 to 6 cm of length can be obtained by dissecting 
the epididymis off of the testis from the vasoepididy- 
mal (VE) junction to the caput epididymis (Fig. 13A 
and B). The superior-epididymal vessels are left intact 
to provide adequate blood supply to the testicular end 
of the vas. With this combination of maneuvers, up to 
10 cm gaps can be bridged. 

After the vasa have been freed, the testicular end 
of the vas is cut transversely. An ultrasharp knife 
drawn through a slotted 2, 2.5, or 3 mm-diameter 
nerve-holding clamp (Accurate Surgical and Scientific 
Instrument Corp., Westbury, New York, U.S.A.) yields a 
perfect 90° cut (Fig. 14). The cut surface of the testicular 
end of the vas deferens is inspected using 15- to 25- 
power magnification. A healthy, white mucosal ring 


Figure 14 Ultrasharp knife drawn through a 2- to 3-mm slotted 
nerve-holding clamp (from Accurate Surgical and Scientific Instrument 
Corp., Westbury, New York, U.S.A.) produces a perfect 90° cut. 


Figure 13 (A,B) Entire vasoepididymal com- 
plex dissected to caput epididymis to bridge 
massive vasal gaps. 


should be seen that springs back immediately after 
gentle dilation. The muscularis should appear smooth 
and soft. A gritty-looking muscularis layer indicates 
the presence of scar/fibrotic tissues. The cut surface 
should look like a bull’s eye, with the three vasal layers 
distinctly visible. Healthy bleeding should be noted 
from both the cut edge of the mucosa and the surface 
of the muscularis. If the blood supply is poor or the 
muscularis is gritty, the vas is recut until healthy tissue 
is found. The vasal artery and vein are then clamped 
and ligated with 6-0 nylon sutures. Small bleeders are 
controlled with a microbipolar forceps set at low 
power. Once a patent lumen has been established on 
the testicular end, the vas is milked and a clean glass 
slide is touched to its surface. The vasal fluid is imme- 
diately mixed with a drop or two of saline or Ringer’s 
lactate and preserved under a cover slip for micro- 
scopic examination. The abdominal end of the vas 
deferens is prepared in a similar manner, and the 
lumen is gently dilated with a microvessel dilator and 
cannulated with a 24-gauge angiocatheter sheath. 
Injection of saline or Ringer’s lactate confirms its 
patency. After Ringer’s injection and test dilation, the 
vas is recut to obtain a fresh surface. Minimal instru- 
mentation of the mucosa should be performed. 

After preparation, the ends of the vasa are stabi- 
lized with a Microspike approximating clamp (42) to 
remove all tension prior to performing the anastomo- 
sis. Isolating the field through a slit in a rubber dam 
prevents microsutures from sticking to the surround- 
ing tissue. A sterile tongue blade covered with a large 
Penrose drain is placed beneath the ends of the vasa 
to provide a platform on which to perform the 
anastomosis. 


Examination of Vasal Fluid 


The gross appearance of fluid expressed from the tes- 
ticular end of the vas is usually predictive of findings 
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Table 1 Relationship Between Gross Appearance of Vasal Fluid and Microscopic Findings 


Vasal fluid appearance 


Most common findings on microscopic exam 


Surgical procedure indicated 


Copious, crystal clear, watery 
Copious, cloudy thin, water soluble 
Copious, creamy yellow, water soluble 


Scant fluid, granuloma present at vasectomy site 


Copious, thick, white, toothpaste-like, water No sperm 
insoluble 

Scant, white, thin fluid No sperm 

Dry, spermless vas; no sperm at vasectomy site No sperm 


No sperm in fluid 

Usually sperm with tails 

Usually many sperm heads, occasional sperm 
with short tails 

Barbitage fluid reveals sperm 


Vasovasostomy 
Vasovasostomy 
Vasovasostomy 


Vasovasostomy 
Vasoepididymostomy 


Vasoepididymostomy 
Vasoepididymostomy 


on microscopic examination (Table 1). If microscopic 
examination of the vasal fluid reveals the presence of 
sperm with tails, vasovasostomy is performed. If no 
fluid is found, a 24-gauge angiocatheter sheath is 
inserted into the lumen of the testicular end of the vas 
and barbotage with 0.1 mL of saline while the convo- 
luted vas is vigorously milked. The barbotage fluid is 
expressed onto a slide and examined. Men with large 
sperm granulomas often have virtually no dilation 
of the testicular end of the vas and little or no fluid 
initially; however, with barbotage and vigorous 
milking, invariably, sperm will be found in this scant 
fluid. If there is no sperm granuloma and the vas is 
absolutely dry and spermless after multiple samples 
are examined, vasoepididymostomy is indicated. If the 
fluid expressed from the vas is found to be thick, white, 
water insoluble, and toothpaste-like in quality, micro- 
scope examination rarely reveals sperm. Under these 
circumstances, the tunica vaginalis is opened and the 
epididymis inspected. If clear evidence of obstruction 
is found, i.e., an epididymal sperm granuloma with 
dilated tubules above and collapsed tubules below, 
vasoepididymostomy is performed. When in doubt, or 
if not very experienced with vasoepididymostomy, 
vasovasostomy should be performed. Only 15% of men 
with bilateral absence of sperm in the vasal fluid after 
barbotage and an intensive search, however, will have 
sperm return to the ejaculate after vasovasostomy (43). 

When copious, crystal-clear, water-like fluid 
squirts out from the vas and no sperm are found in this 
fluid, a vasovasostomy is performed because there is a 
likelihood of sperm returning to the ejaculate after 
vasovasostomy is performed. 


Multiple Vasal Obstructions 


If saline injection reveals that the abdominal end of the 
vas deferens is not patent, a 2-0 nylon or polypropyl- 
ene suture is gently threaded into the vas lumen to 
determine the site of obstruction. If the obstruction is 
within 5 cm of the original vasectomy site, the abdomi- 
nal end of the vas deferens may be dissected to this site 
and excised. The incision should then be extended 
inguinally to free the vas extensively up toward the 
internal inguinal ring. To gain additional length, the 
testicular end should be freed up to the VE junction. If 
the site of the second obstruction is so far from the 


vasectomy site that two vasovasostomies are neces- 
sary, alternative surgical approaches, such as a single 
crossed vasovasostomy, should be considered, e.g., if 
the contralateral testis is atrophic or absent, precluding 
a proper reconstruction. If this is not possible, the aspi- 
ration of vasal or epididymal sperm into micropipettes 
and cryopreservation for future IVF with ICSI (Fig. 15) 
should be considered. Simultaneous vasovasostomies 
at two separate sites may lead to devascularization of 
the intervening segment with fibrosis and necrosis. 


Anastomotic Techniques: Keys to Success 


All successful vasovasostomy techniques depend on 
adherence to surgical principles that are universally 
applicable to anastomoses of all tubular structures. 
These include 


1. Accurate mucosa-to-mucosa approximation. In 
human vasovasostomy, the lumen on the testicu- 
lar side is usually dilated, often to diameters two 
to five times that of the abdominal side. Techniques 
that work well with lumina of equal diameters 
may be less successful when applied to lumina of 
markedly discrepant diameters. 

2. Leakproof anastomosis. Sperm are highly antigenic 
and provoke an inflammatory reaction when they 
escape from the normally intact lining of the excur- 
rent ducts of the male reproductive tract. Extra- 
vasated sperm adversely influence the success of 


Figure 15 Sperm drawn into the micropipette by capillary action. 
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vasovasostomy (44). Unlike blood vessel anasto- 
moses, where platelets and clotting factors seal the 
gaps between sutures, vasal and epididymal fluid 
contain no platelets or clotting factors; so the water- 
tightness of the anastomosis is entirely dependent 
on the mucosal sutures. 

3. Tension-free anastomosis. When an anastomosis is 
performed under tension, sperm may appear in 
the ejaculate for several months after surgery. 
Ultimately, sperm counts and motility will decrease 
and azoospermia may ensue. At re-exploration, 
only a thin, fibrotic band is found at the anasto- 
motic site. This can be prevented by adequately 
freeing up the vasa and placing reinforcing sutures 
in the sheath of the vas. 

3. Good blood supply. If the cut vas exhibits poor 
blood supply, it should be recut until healthy 
bleeding is encountered. If extensive resection is 
necessary, additional length should be obtained 
using the techniques previously described. 

4. Healthy mucosa and muscularis. If the mucosa or 
cut surface of the vas exhibits poor distensibility 
after dilation, peels away from the underlying 
muscularis, or shreds easily, then the vas should 
be cut back until healthy mucosa is found. 
Surgeons should be aware that if a needle electro- 
cautery was used in vasectomy, the area of damage 
to the mucosa and muscularis by the electric cur- 
rent may extend far beyond the tip of the needle 
cautery. If the muscularis is found to be fibrotic 
or gritty, the vas must be recut until healthy tissue 
is found. 

5. Good atraumatic anastomotic technique. If multi- 
ple surgical errors occur during the procedure, 
such as inadvertent cutting of the mucosa with 
needles when placing sutures, tearing through 
of sutures, or backwalling of the mucosa, the 
anastomosis should be resected and redone 
immediately. 


Set-Up 


An operating microscope providing variable magnifi- 
cation from 6- to 32-power is employed. A diploscope 
providing identical fields for both surgeon and assis- 
tant is preferred. Foot pedal controls for a motorized 
zoom and focus leave the surgeon’s hands free. 

Both surgeon and assistant should be comfort- 
ably seated on microsurgical chairs that stabilize the 
chest and arms. This dramatically improves stability 
and accuracy (Fig. 16). An inexpensive alternative is a 
simple rolling stool with a round beanbag (meditation 
pillow) taped on top for padding. Two arm boards, 
placed on either side of the surgeon, and built up to the 
appropriate height with folded blankets taped to the 
board, provide excellent arm support. A right-handed 
surgeon should sit on the patient’s right side, so that 
the forehand stitch is always thrown on the smaller, 
more difficult, abdominal side of the lumen. 


Figure 16 Microsurgery chair stabilizes lower body, chest, and 
arms, substantially enhancing stability and accuracy. 


Microsurgical Multilayer Microdot Method 


This method of vasovasostomy can handle lumina of 
markedly discrepant diameters in the straight or con- 
voluted vas. The microdot technique ensures precise 
suture placement by exact mapping of each planned 
suture. The microdot method separates the planning 
from the placement (45). This allows focus on only one 
task at a time, and results in substantially improved 
accuracy. 

A microtip marking pen (Devon Skin Marker 
Extra Fine #151; 1-800-DEVON PO) is used to map 
planned needle exit points. Exactly six mucosal sutures 
are used for every anastomosis because it is easy to 
map and always results in a leakproof closure even 
when the lumen diameters are markedly discrepant 
(Fig. 17). Monofilament 10-0 nylon sutures, double 
armed with 70 um-diameter taper-point needles bent 


Figure 17 Precision placement of sutures is facilitated by drying the 
cut surface of the vas with a Weck cell and using a microtip marking 
pen to map out planned needle exit points. Lines are drawn at 
3 o'clock and 9 o'clock to help match them up. This mapping prevents 
dog-ears and leaks when the lumen diameters are discrepant. 


Figure 18 Deep muscularis sutures placed exactly between 
mucosal sutures. 


into a fish-hook configuration (available from shar- 
point, Reading PA, U.S.A. and Ethicon, Somerville, NJ, 
US.A.), are utilized. Double-armed sutures allow 
inside-out placement, eliminating the need for manip- 
ulation of the mucosa and the possibility of backwall- 
ing. If the mucosal rings are not sharply defined, the 
cut surfaces of the vasal ends are stained with indigo 
carmine to highlight the mucosa (46). The anastomosis 
is begun with the placement of three 10-0 mucosal 
sutures anteriorly. On the small abdominal side lumen, 
the lumen is gently and momentarily dilated with a 
microvessel dilator just prior to placement of the 
sutures. For accurate mucosal approximation, only a 
small amount of mucosa is included—one-third to 
one-half of the muscle wall thickness. Exactly the same 
amount of tissue is included in the bites on each side. 
The needle should exit through the center of each dot. 
After placement, the three mucosal sutures are tied. 


Figure 19 9-0 sutures placed just above but not through the 
mucosa to seal gaps between mucosal sutures. The single suture 
pictured is the third layer (adventitial). 
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Figure 20 Placement of three additional 10-0 mucosal sutures. 
Note sutures exit through microdots. 


Two 9-0 monofilament nylon deep muscularis sutures 
are placed exactly in between the three previously 
placed mucosal sutures, just above, but not through 
the mucosa (Fig. 18) and are then tied. These sutures 
seal the gaps between the mucosal sutures (Fig. 19) 
without trauma to the mucosa from the larger 100 um- 
diameter cutting needle required to penetrate the 
tough vas muscularis and adventitia. The vas is rotated 
180° and three additional 10-0 sutures are placed 
through each microdot and then tied to complete the 
mucosal portion of the anastomosis (Fig. 20). Just prior 
to tying the last mucosal suture, the lumen is irrigated 
with heparinized Ringer’s solution to prevent the for- 
mation of clot in the lumen. After completion of the 
mucosal layer (Fig. 21), four more 9-0 deep muscularis 
sutures are placed exactly in between each mucosal 
suture—just above, but not penetrating the mucosa. 
Four to six 9-0 nylon interrupted sutures are placed 
between each muscular suture. This is a purely adven- 
titial layer that covers the innermost mucosal sutures. 
The anastomosis is completed by approximating the 


Figure 21 Completed 10-0 mucosal layer. Note the absence of 
dog-ears. 
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vasal sheath with six interrupted sutures of 7-0 PDS 
that completely cover the anastomosis and relieve it of 
all tension. 


Anastomosis in the Convoluted Vas 


Vasovasostomy performed in the convoluted portion 
of the vas deferens is technically more demanding than 
anastomoses in the straight portion. Fear of cutting 
back into the convoluted vas in order to obtain healthy 
tissue may lead surgeons to complete an anastomosis 
in the straight portion when the testicular end of the 
vas has poor blood supply, unhealthy or friable 
mucosa, or gritty fibrotic muscularis. Adherence to 
the following principles will enable anastomosis in the 
convoluted vas to succeed as often as those in the 
straight portion: 


1. A perfect transverse cut yielding a round ring of 
mucosa and a lumen directed straight down is 
essential (Fig. 22). A very oblique lumen with a 
thin flap of muscle and mucosa on one side is not 
acceptable (Fig. 22). The vas should be recut at 
0.5 mm intervals until a perfect cut with good 
blood supply and healthy tissue is obtained. A 
slotted nerve clamp, 2.5 or 3 mm in diameter, and 
an ultrasharp knife facilitate this part of the proce- 
dure (Fig. 14). Often, the vas must be recut two or 
three times until a satisfactory cut is obtained. 

2. The convoluted vas should not be unraveled. This 
disturbs the blood supply at the anastomotic line. 

3. The sheath of the convoluted vas may be carefully 
dissected free of its attachments to the epididymal 
tunica (Fig. 12). This will minimize disturbance of 
its blood supply and provide the necessary length 
to perform a tension-free anastomosis. 

4. Care must be taken to avoid taking large bites of 
the muscularis and adventitial layers on the con- 
voluted side to prevent inadvertent perforation of 
adjacent convolutions. 

5. The anastomosis is reinforced by approximating 
the vasal sheath of the straight portion to the sheath 
of the convoluted portion with six interrupted 
sutures of 7-0 PDS. This will remove all tension 
from the anastomosis. 


Figure 22 (A) Round lumen essential for success in convoluted 
anastomoses. (B) Oblique cut not acceptable. 


Crossed Vasovasostomy 


This is a useful procedure that often provides an easy 
solution for otherwise difficult problems (38,47,48). 
Crossover is indicated in the following circumstances: 


1. Unilateral inguinal obstruction of the vas deferens 
associated with an atrophic testis on the contralat- 
eral side. A crossover vasovasostomy should be 
performed to connect a healthy testicle to the 
contralateral unobstructed vas. 

2. Obstruction or aplasia of the inguinal vas or 
ejaculatory duct on one side and epididymal 
obstruction on the contralateral side. 


It is preferable to perform one anastomosis with a 
high probability of success (vasovasostomy) than two 
operations with a much lower chance of success, that 
is, unilateral vasoepididymostomy and contralateral 
transurethral resection of the ejaculatory ducts. 


Technique 


The vas attached to the atrophic testis at the junction of 
its straight and convoluted portion is transected, and 
its patency is confirmed with a Ringer’s or indigo car- 
mine vasogram (Fig. 23). The contralateral vas is dis- 
sected with the normal testis toward the inguinal 
obstruction and is clamped and transected as high up 
as possible with a right angle clamp. The testicular end 
of the vas is crossed through a capacious opening made 
in the scrotal septum, and vasovasostomy should 
proceed as described above. This procedure is much 
easier than an inguinal vasovasostomy, which requires 
finding both ends of the vas within the dense scar of a 
previous inguinal operation. 


Figure 23 Transeptal crossed vasovasostomy. The right testis 
with normal sperm production is connected to a patent vas on the 
contralateral side. 


Transposition of the Testis 


Occasionally, when the vasal length is critically short, a 
tension-free crossed anastomosis can best be 
accomplished by testicular transposition. The spermatic 
cord is always longer than the vas. The testes will com- 
fortably cross through a generous opening in the septum 
and sit nicely in the contralateral scrotal compartment. 


Wound Closure 


If the vasal dissection is extensive, Penrose drains are 
brought out of the dependent portion of the right and 
left hemiscrota and fixed in place with sutures and safety 
pins, preferably prior to beginning the anastomosis. 
Placement of drains at the end of the procedure may 
potentially disturb the anastomosis. The dartos layer is 
approximated with interrupted 4-0 absorbable sutures 
and the skin with subcuticular sutures of 5-0 Monocryl. 
The wound heals with a fine scar. The use of through- 
and-through skin closures, which give an unacceptable 
“railroad-track”-looking scar, should be avoided. Vir- 
tually all of the authors’ procedures are performed on 
an ambulatory basis. If drains are placed, the patients 
are given detailed instructions (with explicit drawings) 
on how to remove the drains the next morning. 


Postoperative Management 


Sterile fluff gauze dressings are held in place with a 
snug-fitting scrotal supporter. Only perioperative anti- 
biotics are used. Patients are discharged with a 
prescription for acetaminophen with codeine. They 
shower 48 hours after surgery. They wear a scrotal sup- 
porter at all times (except in the shower), even when 
sleeping, for six weeks postoperatively. Thereafter, a 
scrotal supporter is worn during athletic activity until 
pregnancy is achieved. Desk-type work may be resumed 
in three days. No heavy work or sports are allowed for 
three weeks. No intercourse or ejaculation is allowed 
for four weeks postoperatively. Semen analyses are 
obtained at one, three, and six months postoperatively 
and every six months thereafter. In the authors’ experi- 
ence, persistent azoospermia beyond six months has 
rarely resulted in subsequent return of sperm in the 
ejaculate. In these cases, a redo vasovasostomy or vaso- 
epididymostomy will be necessary. 


Postoperative Complications 


The most common complication is hematoma. In 2100 
operations, seven small hematomas occurred. None 
required surgical drainage. Most were walnut-sized 
and perivasal. These take 6 to 12 weeks to resolve. 
Wound infection has not occurred. Late complications 
include sperm granuloma at the anastomotic site 
(approximately 5%); this usually is a harbinger of even- 
tual obstruction. Late stricture and obstruction are dis- 
appointingly common (see below). Progressive loss of 
motility followed by decreasing sperm counts indi- 
cates stricture. The authors’ recent switch back to nylon 
sutures (49), use of the microdot system to prevent 
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leaks, extensive dissection of the vas until healthy 
mucosa and muscularis and a good blood supply is 
obtained, and generous use of scrotal support until 
pregnancy is established may reduce this incidence. 
Because of the significant rate of late stricture and 
obstruction, the authors strongly encourage cryo- 
preservation of semen specimens as soon as motile 
sperm appear in the ejaculate. 


Long-Term Follow-Up Evaluation 
after Vasovasostomy 


When sperm are found in the vasal fluid on at least one 
side at the time of surgery, the anastomotic technique 
described results in the appearance of sperm in the 
ejaculate in 99.5% of men (45). Late obstruction, after 
initial patency, may occur in up to 12% of men by 14 
months postoperatively (50). Pregnancy has occurred 
in 52% of couples followed for at least two years, and 
63% when female factors are excluded. 


O VASOEPIDIDYMOSTOMY 


Detailed knowledge of epididymal anatomy and 
physiology is essential prior to undertaking surgery of 
this delicate but important structure. Sperm motility 
and fertilizing capacity progressively increase during 
passage through the 200 um-diameter, 12- to 15-foot 
long, tightly coiled single tubule. When the epididy- 
mis is obstructed and functionally shortened after 
vasoepididymostomy, even very short lengths of epi- 
didymis are able to adapt and allow some sperm to 
acquire motility and fertilizing capacity (51,52). Adapta- 
tion may gradually continue up to two years after sur- 
gical reconstruction, with progressive improvement in 
the fertility and motility of sperm. Nevertheless, pres- 
ervation of the greatest possible length of functional 
epididymis is most likely to result in the best sperm 
quality aftervasoepididymostomy (53,54). Furthermore, 
because the wall of the epididymis is thinnest in the 
caput region and gradually thickens, due to the increas- 
ing numbers of smooth muscle cells in its more distal 
(inferior) end, anastomoses are technically easier to 
perform and more likely to succeed in its distal regions. 
Since the corpus and cauda epididymis comprise a 
single tubule with a very small diameter, injury or 
occlusion of a tubule anywhere along its length will 
lead to total obstruction of outflow at that level. For 
these reasons, magnification, with loupes for macro- 
dissection and the operating microscope for anastomo- 
sis, is essential for performing all epididymal surgery. 

Fortunately, the epididymis is blessed with a rich 
blood supply derived from the testicular vessels supe- 
riorly and the deferential vessels inferiorly. Because of 
the extensive interconnections between these branches, 
either the testicular or the deferential branches (but not 
both) to the epididymis may be divided without com- 
promising on epididymal viability. 

Conversely, since the epididymal branches of the 
testicular artery are medial to and separate from the 
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main testicular artery and veins, surgical procedures 
may be performed on the epididymis without compro- 
mise to testicular blood supply. 

Prior to the development of microsurgical tech- 
niques, accurate approximation of the vasal lumen to 
that of a specific epididymal tubule was not possible. 
Vasoepididymostomy was performed by aligning 
the vas deferens adjacent to a slash made in multiple 
epididymal tubules with the hope that a fistula would 
form. Results with this primitive technique were 
poor. Microsurgical approaches allow the accurate 
approximation of the vasal mucosa to that of a single 
epididymal tubule (55), resulting in the marked 
improvement of patency and pregnancy rates (54,56). 
Microsurgical vasoepididymostomy, however, is the 
most technically demanding procedure in all of 
microsurgery. In virtually no other operation are 
results so dependent upon technical perfection. 
Microsurgical vasoepididymostomy should only be 
attempted by experienced microsurgeons who per- 
form the procedure frequently. 


Indications 


The indications for vasoepididymostomy at the time of 
vasectomy reversal are reviewed below. For obstruc- 
tive azoospermia not due to vasectomy, vasoepididy- 
mostomy is indicated when the testis biopsy reveals 
complete spermatogenesis and scrotal exploration 
reveals the absence of sperm in the vasal lumen with 
no vasal or ejaculatory duct obstruction. The preo- 
perative evaluation is identical to that described for 
vasovasostomy. 


Microsurgical End-to-Side 
Vasoepididymostomy 


End-to-side techniques of vasoepididymostomy have 
the advantage of being minimally traumatic to the epi- 
didymis and relatively bloodless (57-60). The end-to- 
side technique does not disturb the epididymal blood 
supply. When the level of epididymal obstruction is 
clearly demarcated by the presence of markedly dilated 
tubules proximally and collapsed tubules distally, the 
site at which the anastomosis should be performed is 
readily apparent. The end-to-side approach has the 
advantage of allowing accurate approximation of the 
muscularis and adventitia of the vas deferens to a pre- 
cisely tailored opening in the tunica of the epididymis. 
This is the preferred technique when vasoepididy- 
mostomy is performed simultaneously with inguinal 
vasovasostomy, because it is possible to preserve the 
vasal blood supply deriving from the epididymal 
branches of the testicular artery. This provides blood 
supply to the segment of vas intervening between the 
two anastomoses. Maintenance of the deferential 
artery’s contribution to the testicular blood supply is 
also important in situations in which the integrity of 
the testicular artery is in doubt due to prior surgery 
such as orchiopexy, nonmicroscopic varicocelectomy, 
or hernia repair. 


Figure 24 Inspection of the epididymis for dilated tubules (arrow) 
seen beneath the epididymal tunica. 


After opening the tunica vaginalis, the epididy- 
mis is inspected under the operating microscope. An 
anastomotic site is selected above the area of suspected 
obstruction, proximal to any visible sperm granulo- 
mas, where dilated epididymal tubules are clearly seen 
beneath the epididymal tunica (Fig. 24). A relatively 
avascular area is grasped with sharp jeweler’s forceps 
and the epididymal tunica tented upward. A 3 to 4 mm 
buttonhole is made in the tunica with microscissors to 
create a round opening that matches the outer diame- 
ter of the previously prepared vas deferens. The epi- 
didymal tubules are then gently dissected with a 
combination of sharp and blunt dissection until dilated 
loops of tubule are clearly exposed (Fig. 25). If the level 
of obstruction is not clearly delineated, after the but- 
tonhole opening is made in the tunic, a 70 um-diameter 
tapered needle from the 10-0 nylon microsuture is used 
to puncture the epididymal tubule, beginning as dis- 
tally as possible, and fluid is sampled from the punc- 
ture site. When sperm are found, the puncture sites are 
sealed with microbipolar forceps, a new buttonhole is 
made in the epididymal tunic just proximally, and the 
tubule is prepared as described previously. 

The vas deferens is drawn up through an open- 
ing in the tunica vaginalis and secured in proximity to 


Figure 25 Dissection exposing dilated loops of epididymal 
tubule (arrow). 


Figure 26 Preparation for end-to-side vasoepididymostomy. 9-0 
sutures approximate the posterior lip of vasal adventitia to lower 
edge of the opening tailored in the epididymal tunica. 


the anastomotic site with two to four interrupted 
sutures of 6-0 polypropylene placed through the vasal 
adventitia and the tunica vaginalis. The vasal lumen 
should reach the opening in the epididymal tunica 
easily with length to spare. The posterior edge of the 
epididymal tunica is then approximated to the poste- 
rior edge of the vas muscularis and adventitia with 
two to three interrupted sutures of double-armed 9-0 
nylon (Figs. 26 and 27). This is done in such a way as to 
bring the vasal lumen in close approximation to the 
epididymal tubule selected for anastomosis. 


Classic End-to-Side Technique 


Under 25- to 32-power magnification, using a small 
curved microscissors or a 15° microknife, an opening 
about 0.3 to 0.5 mm in diameter is made in the selected 
tubule. Epididymal fluid is touched to a slide, diluted 
with saline or Ringer’s, and inspected under the micro- 
scope for sperm. If no sperm are found, the opening in 
the tubule is closed with 10-0 sutures, the vas detached, 
and the tunica incision closed with 9-0 nylon sutures. 
The procedure is then repeated more proximally in the 
epididymis. 


Figure 27 As in vasovasostomy, the use of microdots on the cut 
surface of the vas can enhance precision in suture placement. 
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Figure 28 Posterior row of 10-0 mucosal sutures placed inside out. 


Once sperm are identified, they are aspirated into 
glass capillary tubes and flushed into media for cryo- 
preservation (Fig. 15) (50). Indigo carmine solution is 
dripped on the cut tubule to outline the mucosa (46). 
The posterior mucosal edge of the epididymal tubule 
is approximated to the posterior edge of the vasal 
mucosa with two interrupted sutures of 10-0 monofila- 
ment nylon sutures double armed with fish-hook 
70 um-diameter tapered needles (Fig. 28). The lumen is 
irrigated with Ringer’s solution just prior to placement 
of each suture to keep the epididymal lumen open. 
After these mucosal sutures are tied, the anterior muco- 
sal anastomosis is completed with two to four addi- 
tional 10-0 sutures. The outer muscularis and adventitia 
of the vas is then approximated to the cut edge of the 
epididymal tunica with 6 to 10 additional interrupted 
sutures of 9-0 nylon double-armed with 100 um- 
diameter needles (Fig. 29). The vasal sheath is secured 
to the epididymal tunica with three to five sutures of 
9-0 nylon. The testis and epididymis are gently returned 
to the tunica vaginalis, which is closed with 5-0 Vicryl. 
The scrotum is closed as previously described for 
vasovasostomy. 


End-to-Side Intussusception Technique 


This method is also known as the triangulation tech- 
nique and was introduced by Berger (56). There are 
several advantages of this method over previous tech- 
niques, and it is now the authors’ preferred method for 
all vasoepididymostomies (61). The set-up is identical 
to that for the classical end-to-side vasoepididymos- 
tomy. After the vas is fixed to the opening in the epi- 
didymal tunica, six microdots are placed on the cut 
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surface of the vas ina fashion identical to that described 
for vasovasostomy. The selected epididymal tubule is 
dissected with blunt microscissors and the micronee- 
dle holder until it is free of surrounding tissue and 
prominent. The tubule is then stained with indigo 
carmine. Using 10-0 monofilament nylon sutures 
approximately two inches in length, double-armed 
with 70 cm-diameter fish-hook-shaped, tapered nee- 
dles, three sutures are placed in the epididymal tubule 
in a triangulation fashion. The apex of the triangle 
faces the inferior edge of the vasal mucosa (Fig. 30). 
The needles are not pulled through but left in situ, cre- 
ating a triangle of needles (Fig. 31). Using a 15° 
microknife with the blade pointing upward, a gener- 
ous opening is made in the epididymal tubule in the 
center of the triangle created by the three needles (Fig. 
32). The three needles are then pulled through. The six 
needles are now laid out so as to avoid a spaghetti-like 
tangle. A glass slide is touched to the fluid exuding 
from the opening in the epididymal tubule and mixed 
with human tubal fluid media, covered with a cover 
slip, and examined by the surgeon using the separate 


Figure 29 (A,B) After completion of anterior 
mucosal portion of the anastomosis, the second 
layer of 9-0 nylon sutures are placed to provide a 
water-tight seal. 


bench microscope under 400-power magnification. If 
whole sperm (whether motile or not) or abundant 
sperm heads/fragments are present, the decision is 
made to proceed with the anastomosis. Sperm are 
aspirated into micropipettes first (Fig. 33), expressed 
into human tubal fluid media, and sent for cryopreser- 
vation if motility is observed. Sperm that initially 
appear immotile, when mixed with human tubule 
fluid, often regain motility adequate for successful 
cryopreservation. Even immotile sperm should be 
placed in the media and evaluated for potential cryo- 
preservation. If the needles are pulled through prior to 
placing all three sutures or before making an opening 
in the epididymal tubule, epididymal fluid and sperm 
will immediately leak through the suture hole, causing 
the tubules to collapse. This makes the placement of 
subsequent sutures and the creation of the opening in 
the center of the triangle considerably more difficult. 
Leaving the needles in the epididymal tubule prior to 
making the opening also prevents accidental cutting 
of the sutures when making the opening in the center 
of the triangle. After abundant sperm have been 


Figure 30 Intussusception end-side vasoepididymostomy. The 
first two sutures (a1-2 and b1-2) are placed in a V-shaped configura- 
tion with the point of the “V” aimed at the 6 o’clock position on the vas 
deferens. 


Figure 31 The 70 um needle is larger than the 17 um diameter of 
the suture. To avoid leaking of fluid, which will lead to collapse of the 
tubule and difficult placement of subsequent sutures, the needles 
are left in place. In addition, accidental cutting of the sutures is 
avoided when opening the tubule with a sharp microknife. 
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Figure 32 Position of sutures in the epididymal tubule once the 


tubule Ope Ted: Figure 35 Tying the sutures intussuscepts the epididymal tubule 


into the vas lumen. 


a. 


Figure 33 Once the presence of sperm in the epididymal tubule 
has been confirmed, epididymal fluid is aspirated by capillary action 
into the micropipette for cryopreservation. 


Figure 36 Schematic illustration of the intussusception of the epidi- 
dymal tubule into the vas lumen. 


Figure 34 The six needles are passed inside-out the vas deferens, 


exiting through the six microdots. Figure 37 Completion of closure of the second layer. 


aspirated into micropipettes and cryopreserved, the closure. Additionally, the flow of epididymal fluid 


six needles are passed inside-out the vas deferens, from the epididymal tubule into the vas deferens tends 
exiting through the six previously placed microdots in to plaster the edges of the epididymal tubule against 
the order indicated (Fig. 34). Each pair of sutures is the mucosal walls of the vas deferens, further helping 
then sequentially tied, beginning with suture al and create a leakproof closure. The second layer of the 
a2, then b1 and b2, and finally c1 and c2. Tying of these anastomosis is completed in a fashion identical to 
sutures intussuscepts the epididymal tubule into the that described for the classical end-to-side operation 


vas lumen (Figs. 35 and 36). This creates a water-tight above (Fig. 37). 
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Two-Stitch Variation of the Intussusception 
Technique 


For anastomoses to very small epididymal tubules 
such as those found in the caput or to the efferent duct- 
ules (62), the three-stitch triangulation technique may 
be impossible. For these anastomoses, a two-stitch 
intussusception technique is much easier to perform 
and may be almostas successful (63). With this method, 
four microdots are marked on the cut surface of the vas 
deferens and two parallel sutures are placed in the 
distended epididymal tubule but not pulled through 
(Fig. 38). Marmar (63) suggests mounting two needles 
in the needle holder and placing them simultaneously; 
however, if the needles are not pulled through to avoid 
leakage of fluid and tubular collapse, they can be 
placed one at a time with greater control and accuracy. 
Using a 15° microknife, an opening is made exactly 
between and parallel to the two previously placed 
sutures. After the fluid is tested for sperm and 
aspirated into micropipettes for cryopreservation, the 
four needles are passed inside-out the vas deferens 
and tied. The anastomosis is completed as described 
previously. 


Microsurgical Vasoepididymostomy: 
End-to-End Anastomosis 


End-to-end anastomosis was introduced by Silber (55), 
representing the first specific tubule VE anastomosis. 
When this method was first described, it was far 
superior to any of the nonmicroscopic techniques 
previously employed. With this method, the epididy- 
mis is dissected completely to the VE junction, and 
then serially and transversely transected until a gush 
of fluid is seen exuding from the cut surface, indicating 
the correct level of the anastomosis (Fig. 39). The single 
tubule from which fluid is effluxing is identified and 
anastomosed directly to the vas mucosa with three to 


Figure 38 Two-needle intussusception vasoepididymostomy. This 
is particularly useful for anastomoses to very small epididymal 
tubules as in the caput epididymis or efferent ductules. 


Figure 39 Preparation for end-to-end vasoepididymostomy. 


five interrupted sutures of 10-0 monofilament nylon 
(Fig. 40). The advantage of this technique is that the 
correct level in the epididymis at which the anastomo- 
sis should be performed can be rapidly and accurately 
assessed. In addition, if vasal length is compromised, 
the epididymis can be dissected to the caput by ligat- 
ing the inferior and medial epididymal vessels and 
flipping the epididymis up, providing additional 
length (Fig. 39). A major disadvantage of this technique 
is that the diameter of the transversely sectioned epi- 
didymal tunica is far larger than the outer diameter of 
the vas deferens, making a water-tight closure of 
the outer layer difficult to achieve (Fig. 41). Finally, 
because of the difficulty in obtaining good hemostasis, 
it is far more difficult to aspirate clean, blood-free 
sperm for cryopreservation than it is with the end-to- 
side techniques. 


Technique when Vasal Length Is 
Severely Compromised 


When there is inadequate length of the vas deferens to 
reach the dilated epididymal tubule without tension, 
the epididymis can be dissected down to the VE junc- 
tion and then dissected off the testes as in the older 
end-to-end operation. 


K 


fist 


Figure 40 The scheme for the placement of 10-0 mucosal sutures 
for end-to-end vasoepididymostomy. 


Figure 41 Second layer of 9-0 nylon sutures approximating vasal 
adventitia and perivasal sheath to cut edge of the epididymal tunica. 


After the vas has been prepared, the tunica vagi- 
nalis is opened and the testis delivered. Inspection of 
the epididymis under the operating microscope may 
reveal a clearly delineated site of obstruction. Often, a 
discrete yellow sperm granuloma is noted, above 
which there is indurated epididymis and dilated 
tubules, and below which the epididymis is soft and 
the tubules collapsed. If the level of obstruction is not 
clearly delineated, a 70 um tapered needle from the 
10-0 nylon microsuture is used to puncture the epidid- 
ymal tubule beginning as distally as possible and fluid 
is sampled from the puncture site until sperm are 
found. At that level, the puncture is sealed with micro- 
bipolar forceps and the epididymis is ligated just prox- 
imal to the puncture site with a 6-0 nylon suture. 
The epididymis is then dissected off the testis and 
flipped up to obtain additional length. To do this, the 
epididymis is encircled with a small Penrose drain at 
the level of obstruction and, using 2.5 power loupe 
magnification, dissected off of the testis for 3 to 5 cm, 
yielding sufficient length to perform the anastomosis. 
Usually, a nice plane can be found between the epidid- 
ymis and testis, and injury to the epididymal blood 
supply can be avoided by staying right on the tunica 
albuginea of the testis. The inferior, and, if necessary, 
middle epididymal branches of the testicular artery 
are doubly ligated and divided to free an adequate 
length of epididymis. The superior-epididymal 
branches entering the epididymis at the caput are 
always preserved and can provide adequate blood 
supply to the entire epididymis. The tunica vaginalis in 
then closed over the testis with 5-0 Vicryl, which pre- 
vents drying of the testis and thrombosis of the surface 
testicular vessels during the anastomosis. The dissected 
epididymis remains outside the tunica vaginalis. 

If the epididymis is indurated and dilated 
throughout its length, the epididymis is dissected to 
the VE junction. This dissection is often facilitated by 
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first dissecting the convoluted vas to the VE junction 
from below, and then, after encircling the epididymis 
with a Penrose drain, dissecting the epididymis to the 
VE junction from above. In this way, the entire VE 
junction can be freed up. This will allow preservation 
of maximal epididymal length in cases of distal obstruc- 
tion near the VE junction. After the epididymis is dis- 
sected off of the testis and flipped upward, a three-stitch 
end-to-side intussusception anastomosis is performed 
as described above. 


Long-Term Follow-Up Evaluation and Results 


Microsurgical vasoepididymostomy in the hands of 
experienced and skilled microsurgeons will result in 
the appearance of sperm in the ejaculate in 50% to 85% 
of men. Patency rates with the intussusception tech- 
nique can exceed 80% (56,63,64). With the classic end- 
to-side or older end-to-end method, the patency rate is 
about 70%, and 43% of men with sperm will impreg- 
nate their wives after a minimum follow-up of two 
years (54,65). Pregnancy rates are higher the more distal 
the anastomosis is performed. With the older end-to- 
end or end-to-side method, at 14 months after surgery, 
25% of initially patent anastomoses are found to be shut 
down (50). For this reason, the authors recommend 
banking sperm both intraoperatively (66) and as soon 
as they appear in the ejaculate postoperatively. In men 
with very low counts or poor sperm quality postopera- 
tively and men who remain azoospermic, the sperm 
intraoperatively cryopreserved can be used for IVF 
with intracytoplasmic sperm injection. Persistently azo- 
ospermic men without cryopreserved sperm can opt 
for either a redo vasoepidymostomy and/or a micro- 
scopic epididymal sperm aspiration combined with 
IVF and intracytoplasmic sperm injection. 


O CONCLUSION 


With the increasing awareness of the safety and effi- 
cacy of vasectomy, as well as the introduction of the 
less invasive no-scalpel vasectomy, the role of men in 
family planning has increased tremendously world- 
wide. In recent years, advancements in the surgical 
management of male fertility have further extended to 
microsurgical reconstruction procedures—namely, 
vasovasostomy and vasoepididymostomy—allowing 
many infertile and subfertile men with excurrent ductal 
obstruction to father children through natural concep- 
tion. In the era of IVF/ICSI, surgical treatment for 
obstructive male infertility still remains the safest and 
most cost-effective management option for couples. 
Clinicians specialized in treating male infertility should 
therefore be familiar with the indications and tech- 
niques of microsurgical reconstruction procedures. 
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O INTRODUCTION 


Approximately 20% of cases of infertility are due solely 
to male factor problems and 20% to a female factor; 30% 
involve both male and female factors, and 30% have no 
identifiable cause (1). Although it is widely recognized 
that infertility can present psychological as well as 
medical challenges and difficulties, literature dealing 
with the psychological aspects has tended to focus on 
women’s reactions to the situation. Men have either 
been neglected, or it has been assumed that their reac- 
tions will be similar to those of their partner. There is a 
growing body of research that suggests that infertility 
has a specific impact on men, especially in the case of 
male-factor problems. The purpose of this chapter is to 
review this research and to provide some guidelines for 
applying this information in clinical practice. 


O SOCIAL PERSPECTIVES ON 
REPRODUCTION AND INFERTILITY 


Although reproduction is a biological imperative in 
humans, it occurs within an intensely social context. In 
order to better understand how infertility affects the 
individual, it is necessary to consider both the value 
attached to conceiving and bearing children and 
the meanings ascribed to motherhood and fatherhood. 
It is also important to recognize the way in which sex 
roles and gender are viewed within a particular society 
in order to understand the impact on the individual of 
alterations in gender-normative life events. 


Importance of Reproduction 


Individual views and attitudes about fertility are inevi- 
tably influenced by prevailing societal and cultural 
standpoints. Fertility and parenthood are highly 
valued in almost all societies. Anthropologists have 
documented the extremes to which infertile women 


across cultures are willing to go to have children (2). 
These range from poor urban women bathing with 
miscarried fetuses and stillborn infants to Western 
women repeatedly undergoing risky medical proce- 
dures with unknown long-term effects; however, com- 
parable information on the lengths to which men will 
go to father a child is lacking. In a small-scale study 
based in the United Kingdom, Dalton and Lilford (3) 
examined the trade-off values in infertility. They found 
that individuals (presumably women although the 
authors did not specify gender) drawn from the gen- 
eral population (N=32) and from an infertile popula- 
tion (N=16) in England would be willing to shorten 
their life span by 12 years in order to become pregnant 
once. In addition, the infertile population would accept 
a 35% risk of death to have one child. In another study 
of 108 infertile couples, over 20% of the women and 7% 
of the men said that they were willing to give up every- 
thing to have children, with 30% of women and 28% of 
men willing to give up a great deal to have a child (4). 


Infertility, Impotence, and Masculinity 


There is a perception that “being a man” is synony- 
mous with fathering a child. Work by Mason (5) 
asserted that manliness is traditionally viewed as relat- 
ing more to the ability to make a woman pregnant as 
opposed to undertaking the role of father. Another 
study interviewing infertile men suggested that fertil- 
ity is central to men’s gender identity (6). There is an 
apparent underlying societal assumption that infertil- 
ity is a threat to male sexuality or at least to masculin- 
ity (5,7). Whatever its origin, this confounding of 
impotence and infertility has consequences for infertile 
men. Fathering a child is seen as proof of masculinity 
(8) and it follows therefore that not fathering one is 
seen as a failure to achieve this level of manhood. 
Nachtigall et al. (6) found that approximately two- 
thirds of infertile men were preoccupied with the loss 
of their “physical potency.” On the other hand, few 
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men raised this concern when infertility had an identi- 
fied female cause. 

Not all studies, however, have found an associa- 
tion between masculinity and infertility. Edelmann 
et al. (7), asked 205 couples with male-factor subfertility 
if they agreed with the following statement: “a man 
can never be sure about his masculinity until he is a 
father.” Although they found few couples agreeing 
with the statement, it was suggested that this atypical 
finding was because their sample was drawn from a 
self-help organization and may not have been typical 
of infertile couples. Men who did agree with the state- 
ment, however, reported greater distress than those 
who did not, suggesting that, for some men at least, 
infertility may compromise masculine identity. 

Goffman (9) used the term “stigma” to describe 
the way in which a person’s identity can become com- 
promised or “spoiled.” Nachtigall et al. (6) specifically 
addressed the issue of stigma in infertile men. They 
found that two-thirds of the infertile men in their 
sample felt stigmatized and identified infertility as 
relating to their perceived loss of masculinity. Miall 
(10) interviewed 71 men and 79 women with no fertil- 
ity problems about their views of infertile men and 
women. Male infertility was associated with higher 
levels of stigma than female infertility; half the sample 
felt that society views male and female infertility dif- 
ferently. Miall (10) identified three themes that emerged 
from the interviews: infertile men were more likely to 
be ridiculed than infertile women; infertile women 
were more likely to be offered sympathy than their 
male counterparts; and the inability to have children 
was more likely to be attributed to the woman. When 
the cause of infertility was attributed to the man, it was 
seen as the result of sexual dysfunction. The majority 
of men (83%) and half the women in the sample felt 
that infertile men would experience more difficulty 
with their self-perception than infertile women. Almost 
all who responded linked infertile men’s difficulties to 
their “tarnished” male ego or to worries about male 
sexual prowess. At an individual level, it seems that 
for men, the experience of infertility may relate not 
only to the fact of not having a child but also to the 
effect this has on individual self-perceptions. 

Social theorists have developed the concept of 
hegemonic masculinity to describe the idealized form 
of masculinity at a given place and time (11). Beliefs 
and behaviors associated with contemporary Western 
hegemonic masculinity are the denial of weakness or 
vulnerability, emotional and physical control, the 
appearance of being strong and robust, dismissal of 
any need for help, a ceaseless interest in sex, the display 
of aggressive behavior, and physical dominance. Given 
this prevailing generalized set of powerful cultural 
values and expectations, and the particular issues 
encountered in confronting male-fertility problems, 
we might expect that men presenting with subfertility 
or infertility will experience psychological distress and 
that this may well differ from that being experienced 
by their partners. How they cope with this may have 


implications for their response to investigation and 
treatment. 

The prevailing concepts of masculinity may have 
hindered research into male-factor subfertility and 
infertility, particularly in the psychological dimension. 
For example, Bents (12) suggested that male infertility 
has not been researched because the confusion between 
potency and fertility led to it being a taboo subject. The 
perception that infertility is less significant for men 
than for women may also have contributed to the lack 
of research in this area. 


Motherhood and Fatherhood 


It is a fundamental view of society that motherhood is 
the ultimate expression of being a woman and that a 
woman cannot achieve her full potential without 
becoming a mother (13,14). Motherhood is idealized 
and highly valued but such strong constructions do 
not apply to fatherhood. While motherhood is central 
to the ways in which women are defined both by them- 
selves and by others (14), fatherhood remains simply 
one aspect of many in men’s lives and yet another way 
in which they define themselves. In a study exploring 
attitudes to parenthood, Humphrey (15) found that 
men, especially childless men, were likely to associate 
fatherhood with masculinity, while women associated 
motherhood with contentment. Men were less likely to 
associate fatherhood with contentment. The study of 
roles and meanings of fatherhood is relatively new. 
Although it is argued that children benefit from the 
presence of a father, scant research is available on the 
importance to men of raising children (16). At least in 
Western societies, it seems that the primary role of men 
in reproduction is viewed as enabling women to 
become mothers (17). 

Newton et al. (18) investigated the motives for 
parenthood in couples undergoing in vitro fertilization 
(IVF). They found that the primary reason given by the 
majority of men was a desire for marital completion 
while in women the emphasis was on the need to fulfill 
gender requirements. They suggested that men are less 
likely to see infertility as a threat to self-worth than as 
a threat to their marital relationship. Van Balen and 
Trimbos-Kemper (4) found both men and women cite 
happiness as their primary motive for having a child, 
with well-being and fatherhood being second and 
third motives for men, respectively. 


O PSYCHOLOGICAL SEQUELAE 
OF INFERTILITY 


The understanding of men’s psychological experience 
of infertility and its investigation has been made diffi- 
cult by limited data. In addition, treatment procedures 
have changed rapidly over the past few years. The 
introduction of intracytoplasmic sperm injection (ICSI) 
in the early 1990s opened up the possibility that many 
men who had previously had little or no hope of 
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enabling their partners to conceive could now do so. 
Such advances in treatment have influenced men’s 
experiences of infertility and make it more difficult to 
have a clear, up-to-date picture of how men respond 
psychologically to being infertile. The studies reviewed 
in this section document the individual experience, but 
because so few have focused on men alone, it will be 
necessary to include studies that describe the experi- 
ences and reactions of both men and women. This 
approach also allows men’s responses to be compared 
with those of women. 


Impact of Infertility 
Studies of Men 


Although very few studies have focused on men alone, 
those that did identified a range of negative effects of 
infertility on psychological well-being. Higher levels 
of generalized distress have been identified in men 
with fertility problems than in men from the general 
population. For example, Kedem et al. (19) compared 
107 men attending a specialist infertility clinic for 
semen analysis with a control group of 30 men without 
known fertility problems. They found that the infertile 
men had significantly lower self-esteem and were more 
anxious than the controls. Wright et al. (20) studied 449 
couples who were assessed for infertility on their first 
clinic attendance and found that the men were signifi- 
cantly more distressed than average. In another study 
by Morrow et al. (21), 65% of the male partners of infer- 
tile couples scored above the normative mean on the 
Global Severity Index subscale of the Symptom 
Checklist 90-Revised, indicating that they suffered 
greater psychological distress than men in the general 
population. 

Other studies have even identified clinically 
significant levels of distress. McEwan et al. (22) reported 
clinically significant scores on the General Health 
Questionnaire (a screening measure for psychological 
distress) in 13% of their sample of 45 men from couples 
with different types of infertility. Glover et al. (23) car- 
ried out a longitudinal study of subfertile men attend- 
ing a specialist clinic. At the initial consultation, they 
were found to be highly anxious, with 51% scoring in 
either a borderline or a clinical range on the Hospital 
Anxiety and Depression Scale. They blamed themselves 
for their fertility problems and felt less of a man because 
of them. They considered their life satisfaction to be less 
than it would be if they were able to father a child. 
Measures of mood, life-satisfaction, and self-blame 
were unchanged at 6-week and 18-month follow-up. 

Not all studies have found elevated levels of dis- 
tress, however. Raval et al. (24) conducted individual 
interviews to evaluate distress in 47 couples attending 
an infertility clinic with various diagnoses. They found 
that, compared with control groups, the male scores 
were “unremarkable.” Nevertheless, most studies 
agree that infertility has a range of negative psycho- 
logical consequences for men including anxiety, psy- 
chological distress, dissatisfaction, and self-blame. 


Comparison of Men and Women 


Most studies have indicated that psychological conse- 
quences of infertility are worse for women than men, 
irrespective of whether it is due to male or female 
factor(s). Women had greater overall intensity of emo- 
tional response to subfertility (25). They were also both 
more depressed (26) and distressed (20) than subfertile 
men. In addition, women perceived their relationship 
with their partner as more adversely affected (24). 

In interviews with 174 primary infertile couples 
versus 74 presumed-to-be-fertile couples, it was found 
that infertile wives perceived having children as more 
important and being subfertile as more stressful than 
their husbands (27). Furthermore, men in the infertile 
group reported greater home-life stress than men in 
the control group. They also found that both infertile 
and presumed-to-be-fertile women experienced more 
depression and lower self-esteem than their husbands. 
Collins et al. (28) examined perceptions of infertility 
and treatment stress in a consecutive series of 
200 couples entering an IVF treatment program. Using 
an unpublished measure called the Infertility Reaction 
Scale, they found that women had significantly 
higher scores than men, suggesting that they experi- 
enced greater emotional and social effects of infertility 
than did men. 

Not all studies, however, have found women to 
be more distressed. Stanton et al. (29) developed a scale 
to measure infertility specific distress in a study of 
54 subfertile couples. They found that although women 
acknowledged more distress specific to infertility than 
their partners, there was no difference between men 
and women in their general emotional distress. 

Berg et al. (30) found no difference in the level of 
emotional strain, marital adjustment, or sexual satis- 
faction between men and women in their study of 
104 infertile couples, but they did identify differences 
in the context of distress for men and women. Women 
were more likely than men to report having a child as 
being important to them, to locate the cause of their 
infertility as being within them, and to feel that their 
infertility was a punishment for something they had 
done. Women experienced more discomfort than men 
in the presence of fertility-related stimuli. Also, men 
were less likely than women to reveal their fertility 
problem to relatives or individuals outside the family. 


Sexual Functioning and Marital Relationship 


Andrews et al. (31) conducted separate interviews with 
157 infertile couples and found that fertility-related 
stress was associated with decreases in sexual self- 
esteem, satisfaction with own sexual performance, and 
frequency of intercourse. The negative association 
between this stress and frequency of intercourse was 
greater for husbands than for wives. 

Kedem et al. (19) found that men with partners 
with an identified fertility problem had a higher inci- 
dence of sexual dysfunction than did those men whose 
partners had no problems. Elstein (32) reported a 
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decrease in libido when sexual function became pri- 
marily a reproductive process and intercourse was 
reduced to a goal-oriented exercise in semen delivery. 
In a study of 51 couples attending a fertility clinic for 
postcoital testing, Drake and Grunert (33) found that 
10% of the men reported sexual dysfunction (inability 
to maintain an erection or ejaculatory failure) during 
their partner’s ovulation but at no other time during 
the menstrual cycle. It may be that for these couples, 
the influence of “this-is-the-night syndrome” is even 
greater, with the goal-oriented nature of intercourse 
being emphasized. 

Raval et al. (24) reported changes in sexual func- 
tioning over time, with a peak in problems following 
recognition of infertility but prior to treatment. Overall, 
however, there was no significant difference between 
the incidence of sexual dysfunction in the sample and 
rates in the general population. This supports the 
hypothesis of Drake and Grunert (33) that the mild and 
acute nature of mid-cycle sexual dysfunction is not 
detectable by standard assessment techniques. Berger 
(34) found that 10 out of 16 couples interviewed after 
the husband was discovered to be azoospermic 
reported a period of impotence lasting between 
one and three months following the discovery, sug- 
gesting that sexual dysfunction in men with fertility 
problems is not solely the result of pressure to achieve 
a pregnancy. 

A number of authors have looked at the impact 
of infertility on relationships, particularly on marital 
and sexual satisfaction. Several studies and reviews 
(35,36) have concluded that satisfaction with the rela- 
tionship remains high, even in the presence of sexual 
dysfunction. Greater satisfaction has been found to be 
associated with longer periods of trying to conceive 
(37) and with men’s acceptance of a childless lifestyle 
(38); however, greater marital difficulties have been 
found to be associated with male-factor infertility (39), 
and some (31) have reported that fertility-related stress 
increased marital conflict. 


Change Over Time 


The following sections examine the impact of continu- 
ing subfertility and psychological outcomes of preg- 
nancy following fertility problems. 


Continuing Subfertility 

There have been few long-term follow-up studies of 
those undergoing fertility investigation and treatment. 
Slade et al. (40) interviewed couples attending a 
subfertility clinic four months after their initial appoint- 
ment and again three years later. Of the original 
47 couples, 25 took part in the follow-up, and, of these, 
14 had continuing subfertility. The majority of couples 
with continuing subfertility had a male-factor prob- 
lem. The authors found that psychological functioning 
did not improve over time if there was continuing 
infertility. They also reported deterioration in both the 
marital relationship and the sexual relationship and 


found evidence of a decline in the men’s self-esteem, 
suggesting a more negative emotional outcome in men 
where a male-factor problem has been identified. This 
is supported by Connolly et al. (41) who compared 
attendees at an infertility clinic at first visit and after 
seven months. Based on the General Health 
Questionnaire, they found increased distress in men 
(N=39) with a male-factor problem. 


Pregnancy as an Outcome 

In the aforementioned Slade et al. (40) study, 11 couples 
had produced their own biological child at three-year 
follow up. No change was found in mood or self- 
esteem for women regardless of whether or not they 
had continuing fertility problems. Men who subse- 
quently became fathers, however, showed an improve- 
ment in self-esteem. From their cohort of infertile 
couples, Abbey et al. (42) found that the women expe- 
rienced greater benefits of parenthood than did the 
men. Both partners had reduced marital well-being on 
becoming parents; men also reported decreased 
home-life stress (but not the women). Abbey et al. (42) 
suggested that after years of trying to have a child, 
previously infertile men may be more sensitive to their 
changed household responsibilities and their wives’ 
expectations of their performance in the home. In an 
18-month longitudinal study of 165 couples, of whom 
48 became pregnant, Benazon et al. (43) found that 
marital functioning decreased as treatment progressed. 
Marital distress was greater in those who did not 
conceive than those who did. Glover et al. (44) reported 
follow-up data on 50 male subfertility clinic attendees, 
comparing outcomes in those men whose partners 
became pregnant and those who remained childless. 
At initial clinic visits, there was no difference between 
the groups. At 18-month follow-up visits, there 
was a significantly greater positive change in life- 
satisfaction scores in the pregnant as against the 
nonpregnant group. 

Although there are some inconsistencies among 
these studies, some general conclusions may be drawn. 
Continuing infertility is stressful (partly as a conse- 
quence of ongoing treatment), but many couples adapt 
well to their childless state and enjoy a good relation- 
ship and average levels of satisfaction with life. Having 
a child satisfies some needs, such as that of men to 
demonstrate their fertility, but brings its own stresses. 
Such stresses are, of course, a natural concomitant to 
parenting, but an important (and as yet unanswered) 
question is the extent to which they may be increased 
by an overly idealized view of parenthood developed 
over many years of unsuccessful attempts. 


O INVESTIGATION AND TREATMENT 


The process of investigation for subfertile women is 
less performance oriented than that experienced by 
subfertile men. Infertility requires men to perform 
sexually, both for tests (semen analysis and postcoital 
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testing) and in attempts to conceive (natural and 
assisted). This means that men are provided with 
opportunities for both immediate and future success 
or failure (i.e., test results or pregnancy). Carmeli and 
Birenbaum-Carmeli (45) interviewed infertile men in 
Israel and Canada about their experiences of infertility 
treatment and suggested that men often felt marginal- 
ized because treatment tended to focus on women, 
even when there was a male-factor problem. Male 
partners were also sometimes excluded from attend- 
ing procedures that their partner underwent, such as 
egg retrieval and insemination. They concluded that 
these experiences could undermine men’s position in 
conjugal decision-making with respect to infertility. 

One study compared 18 men undergoing 
ICSI and 22 men undergoing IVF for one complete 
treatment cycle (46). The men completed a daily chart, 
which assessed emotional, physical, and social reac- 
tions to infertility treatment. They found that distress 
changed across the cycle, with the active stages of 
oocyte retrieval and embryo transfer and the preg- 
nancy test day being most distressing. Another study 
comparing the distress of men in couples undergoing 
ICSI versus those undergoing IVF found that distress 
levels were similar in each group, apart from a mar- 
ginal difference just prior to retrieval of sperm when 
men undergoing ICSI were found to be slightly more 
distressed (47). 

Daniluk (26) performed psychological tests on 
63 couples attending an infertility clinic over four ses- 
sions: immediately following initial consultation with 
the doctor, four weeks after initial consultation, one 
week after diagnosis, and six weeks after diagnosis. 
Psychological distress was highest for both men and 
women at the time of the initial medical interview. In 
another study, Takefman et al. (48) assessed couples at 
the beginning and end of their investigation for fertil- 
ity problems over a minimum period of three months; 
they reported that men whose psychological distress 
levels increased over the sessions had higher neuroti- 
cism scores and higher intercourse frequency than 
those whose levels remained unchanged. 

A study on the immediate impact of medical 
consultation on anxiety, depression, self-blame, infor- 
mation appraisal, and perceptions of future fertility in 
subfertile men found that anxiety levels were high 
before the consultation, but afterwards, anxiety and 
self-blame had reduced while depression had increased 
(49). Even when a poor prognosis was given during 
the consultation, participants remained overly opti- 
mistic about their chances of achieving a pregnancy. 
Similarly, a study of 103 men attending a specialized 
fertility clinic looked at how they rated their partner’s 
chances of achieving a pregnancy (23). Before consul- 
tation, patients expected that their chance of pregnancy 
would be increased following the clinic visit. Post 
consultation, their perceptions of their chances of preg- 
nancy were often inaccurate and were more influenced 
by their preconsultation expectations than the consul- 
tant’s view. 


A subsequent study had 29 subfertile men com- 
plete questionnaires before and after consultation to 
assess expectations (50). Subfertile men rated increas- 
ing the chances of their partner conceiving as most 
important, with gaining information also receiving 
high ratings. Following the consultation, patients felt 
that they had gained understanding and their expecta- 
tions of receiving help with decision-making had been 
fulfilled. They rated their satisfaction with the consul- 
tation as high and distress during the consultation as 
low despite the fact that many of their initial expecta- 
tions had not been fulfilled. 

In summary, the evidence seems to suggest that 
investigation and treatment of infertility is experienced 
as a process punctuated by events (e.g., clinic visits, 
giving semen samples, and receiving test results) and 
that these events may provide more or less stress. In 
addition to these particular events, it seems likely that 
the process has a cumulative effect, with stress increas- 
ing over time. Consultations appear to be perceived as 
a valuable experience even in the absence of a “cure”; 
however, understanding and recall of information may 
often be poor and influenced more by expectations 
than by the information actually given. 


O FACTORS AFFECTING RESPONSES 
TO INFERTILITY 


A variety of factors, including demography, diagnosis, 
and individual differences, have been shown to influ- 
ence responses to infertility. 


Demographic Factors 


The most significant demographic factors are briefly 
reviewed here. Other factors have also been investi- 
gated but there are few or inconclusive data relating to 
them. 

Age does seem to relate to distress in men with 
fertility difficulties. A study of 86 men (mean age: 
34 years) and 120 women (mean age: 32 years) found 
that increased age added to the prediction of psycho- 
logical distress in men but not in women (21). Although 
men do not have time constraints on their ability to 
reproduce, their partners do; as a result, men may still 
have a feeling that time is running out. Alternatively, it 
may be that men’s desire for children and family life 
develops as time goes on and so the inability to have 
children becomes more distressing with age. 

Duration of infertility has also been investigated. 
The majority of studies report no relationship between 
length of time trying to conceive and level of distress 
(19,22,24,26,39); however, Berg et al. (30) found that 
couples where the male partner was more distressed 
than the female partner (male-distressed group) had 
been undergoing investigation for a significantly 
shorter time than other groups. They suggested that 
men in the male-distressed group might be responding 
to problems of scheduling sex. Also, most of these 
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studies have focused on couples with primary infertil- 
ity, although some have included those with second- 
ary problems. Again results are inconclusive, although 
Morrow et al. (21) found that not having biological 
children added to the prediction of psychological 
distress in men but not in women. 


Diagnosis and Location of Cause 


A factor often overlooked in these studies is the cause 
of the fertility problem. Edelmann and Connolly (51) 
suggested that resolution of uncertainty, whether it be 
by pregnancy or knowledge of azoospermia, is associ- 
ated with less distress than not knowing. Another 
study found no difference in scores of distress and 
marital problems between diagnosed and undiagnosed 
couples (39). It may be that even with a diagnosis, 
uncertainty remains and that knowledge about the 
cause of the fertility problem may only be useful if it 
leads to definite statements about outcome. When the 
cause of infertility was found to be with the man, it 
was judged by both partners to create more marital 
difficulties than when the cause was found to be with 
the woman or with both partners (39). Infertility in 
men increased men’s feelings of guilt, isolation, and 
depression; in the wives of infertile men, it led to 
increased feelings of guilt and lack of success. McEwan 
et al. (22) found that women who felt personally more 
responsible for their infertility were more distressed 
than those who did not; however, they also found that 
44% of women without a diagnosis and 30% of women 
with a partner with a clear diagnosis still felt responsi- 
ble for the problem. In a study by Daniluk (26), partici- 
pants identified as having an organic fertility problem 
reported higher levels of depression than their part- 
ners did at the time of diagnosis. 

Additional support for the presence of greater 
distress in men with male-factor infertility comes from 
the longitudinal literature. One study followed-up 
couples for seven to nine months after an initial visit to 
an infertility clinic. Using the General Health 
Questionnaire, they found that infertile men scored 
lower than men in couples with female factors only, 
male and female factors, or unexplained infertility (41). 
In another study, Slade et al. (40) followed patients 
three years after consultation; they again found infer- 
tile men were the least adjusted. Nachtigall et al. (6) 
interviewed couples undergoing infertility treatment 
and found that men with a male-factor problem expe- 
rienced a more negative emotional response to infertil- 
ity (in terms of feelings of stigma, loss, and self-esteem) 
than men without a male factor. Van Balen and 
Trimbos-Kemper (4), in a study of 108 couples with 
long-term infertility (mean 8.6 years), found more feel- 
ings of guilt and blame in infertile men than in invol- 
untarily childless men with no identified fertility 
problem; however, no similar relationship existed 
between cause and negative feelings in women. 
Mikulincer et al. (52) found that for both men and 
women, a diagnosis of male-factor infertility was 


significantly more distressing and participants 
reported less well-being than for a diagnosis of female 
infertility. 

Placing emphasis solely on who has the identi- 
fied problem, however, may be unhelpful, as it does 
not take into account the fact that feelings of responsi- 
bility for infertility are not solely related to the location 
of the problem (22,27). An additional complicating 
factor is that patients’ views of the source of the prob- 
lem may differ from the medical diagnosis. Buttler et 
al. (53) examined the concordance between the percep- 
tions of men attending a subfertility clinic and the 
medical diagnosis. Interestingly, they found that 17% 
of men with a male-factor diagnosis disagreed with the 
medical opinion, while 42.5% of men whose partner 
was diagnosed as infertile agreed with the diagnosis. 
Men in couples with a female factor who disagreed 
with the medical opinion reported a joint or unex- 
plained diagnosis. 


Individual Differences 


The experience of infertility has multiple factors and 
thus has been examined using a variety of models. The 
complex and unique nature of infertility, however, 
makes it difficult to find a single model that adequately 
takes into account all aspects of this experience. 
Infertility has been seen to be a process (54), a life crisis 
(55), and a developmental crisis (56). 

Drawing on the work of Lazarus and Folkman, 
recent infertility research has focused on the stress- 
coping aspect (57). At its core is the idea that an event 
is not stressful per se; rather, for an individual, it is the 
meaning of the event and the ability to find and use 
effective coping strategies that determine how the 
event is experienced. A situation is stressful if the indi- 
vidual perceives that environmental demands exceed 
his or her resources and endanger his or her well-being. 
This theory of psychological stress identifies cognitive 
appraisal and coping as critical mediators of person- 
environment relationships. This framework has three 
key processes: (i) primary appraisal (the perception of 
a potential threat), (ii) secondary appraisal (the percep- 
tion of the ability to cope with a threat and consider- 
ation of a response), and (iii) coping (the process of 
executing a response to the threat). Situations likely to 
be appraised as stressful are characterized by unpre- 
dictability, negativity, uncontrollability, and ambigu- 
ity. Coping comprises two major functions: addressing 
the problem that is causing the distress (problem focus) 
and regulating emotion (emotion focus). The frame- 
work of Lazarus and Folkman has yielded important 
results, summarized below. 


Cognitive Appraisal 


Cognitive appraisal describes the process by which 
individuals ascribe causes to and explain events. 
Stanton et al. (29) assessed cognitive appraisal of infer- 
tility in a group of 76 women and 54 men with mixed 
infertility diagnoses. They developed a measure of 
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appraisal to distinguish between perceptions of infer- 
tility as a threat or as a challenge. They found no rela- 
tionship between cognitive appraisal and distress 
(infertility specific or general) in men, although men 
whose wives appraised infertility as more challenging 
were less distressed than other men. 


Perceived Control 


The inability to conceive may represent a loss of con- 
trol for infertile individuals. Although Mahlstedt (58) 
referred to the loss of control observed in couples expe- 
riencing fertility problems, there has been relatively 
little research into how loss of control is perceived. 
Stanton et al. (29) examined control perceptions in their 
study of cognitive appraisal and found that couples 
appraised infertility as relatively uncontrollable but 
that control perceptions did not relate to general dis- 
tress or infertility-specific distress in men. In an early 
study of perceived control in infertility, Platt et al. (59) 
examined locus of control in 25 couples seeking infer- 
tility treatment. They found that infertile men and 
women had higher scores on the external control scale 
(indicating that they felt that their situation was deter- 
mined by forces outside of their control) than a control 
group of individuals with either no knowledge of their 
fertility status or with children. 

Abbey et al. (27) reported that perceived control 
was the strongest predictor of fertility-related stress 
for both sexes. The more control over their infertility 
individuals perceived, the less distress was reported. 
Glover (60) investigated perceived control and coping 
in 83 subfertile men and found that high levels of per- 
ceived control were associated with lower anxiety. 
Infertility distress was lower in those who coped by 
interpreting their experiences in a positive fashion and 
by accepting their status and higher in those 
who focused on their emotions. Additionally, it was 
found that only infertility control significantly pre- 
dicted anxiety. 


Coping Strategies 


Coping is the process by which individuals attempt to 
manage stress. Although findings from studies about 
coping with infertility are mixed, it appears there is a 
relationship between distress and using avoidance as a 
coping mechanism. Morrow et al. (21) used the 55-item 
Ways of Coping—Revised Questionnaire to examine 
coping strategies in 86 men from infertile couples with 
mixed location of diagnosis. They derived three factors 
from the questionnaire scores: self-blame and avoid- 
ance, informational and emotional support seeking, 
and cognitive restructuring. Self-blame and avoidance 
coping were identified as the best predictors of 
psychological distress in these men. 

Stanton et al. (62) used the Ways of Coping 
Questionnaire to examine the relationship between 
coping strategies and general distress in 96 women 
and 72 men (including 72 couples) with fertility prob- 
lems. For both men and women, there was a significant 


correlation between the use of avoidance coping strat- 
egies and general distress. Compared with their 
partners, men were more likely to cope through dis- 
tancing, self-control, and problem solving, and they 
were less likely to cope through mobilizing support 
and avoidance. The partner’s coping style was also an 
important factor. Wives who used more self-controlling 
coping had more distressed husbands. Use of this 
strategy may reflect more limited communication 
about the infertility problem. Notably, women (but not 
men) who coped by accepting responsibility for their 
infertility were found to be more distressed. 

Stanton (62,63) also reported on the way in which 
infertile individuals compared their coping efforts 
with those of other infertile individuals. In a sample of 
52 couples with mixed diagnosis (13% male factor 
only), the majority of men thought they coped better 
than same-sex others. They most often reported being 
in a better position because of a personal or motiva- 
tional characteristic, such as their degree of motivation 
to have a child. Those men who felt they were coping 
worse than same-sex others attributed it to a personal 
characteristic such as being too emotional. Men who 
felt they were coping better than same-sex others were 
less threatened by infertility. Half of the men saw no 
difference between their own and their partner’s 
coping although the tendency was for men to see them- 
selves as coping better than their partner. Overall, the 
partners did not differ in their appraisals of infertility 
and, in general, felt relatively little control over their 
fertility problems. When infertility was perceived as a 
greater threat, men reported lower well-being, while 
those men who felt greater control reported a greater 
sense of well-being. Confrontational coping was the 
most powerful predictor of distress in men. Participants 
evidenced more global distress than would be expected 
in the general population, although general well-being 
was comparable. There was no difference between the 
men and women in their general emotional distress. 

Edelmann et al. (37) examined coping and mood 
in their study of 152 couples entering an IVF program. 
Their results indicated that the strategies of acceptance, 
redefinition of the situation, and direct action were 
adaptive for the men in their sample. 

The results of Morrow et al. (21) revealed that 
self-blame and avoidance coping were the strongest 
predictors of psychological distress among infertile 
men and women. This is consistent with the finding of 
Stanton et al. (61) that infertile individuals who engage 
in self-blame and avoidance are at risk for psychologi- 
cal distress. Cook et al. (63) found that infertile indi- 
viduals who were anxious and/or depressed were 
more likely to use avoidance-coping strategies than 
those who did not have emotional problems. The 
evidence implies that avoidance coping, denying the 
existence of the problem, and self-blame are risk fac- 
tors for adverse psychological strain during infertility. 

Social support is often viewed as a mediating or 
buffering factor in the coping process. It has been well 
documented that seeking social support can have 
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benefits for psychological well-being, particularly for 
infertile women (40,61). Satisfaction with social sup- 
port has been found to correlate with lower levels of 
distress in women in infertile couples but not in men 
(27). This supports the assertion by Sarason et al. (64) 
that women receive and value social support to a 
greater extent than men do. Thus, access to support 
may be more important for women experiencing stress 
than for men; however, seeking social support may 
present infertile men with a particular difficulty since 
individuals are less likely to pursue social support in 
situations that threaten self-esteem (65). These poten- 
tial sources of support cannot ameliorate anxiety for 
these men since revealing their fertility problem will 
further lower their self-esteem (66). Slade et al. also 
found that less effective coping reflects increased levels 
of distress in infertile men compared with fertile men 
(40). In their sample of fertile and infertile couples, 
infertile men used fewer coping strategies, and men 
with continuing infertility showed the lowest use 
of social support strategies. Self-blame and detach- 
ment were particularly associated with poor marital 
adjustment. 


O0 APPRAISAL, COPING, AND LOCATION 
OF CAUSE 


In the light of the evidence suggesting that men with 
male-factor infertility experience greater distress than 
those with a joint, unexplained, or female-factor diag- 
nosis, some studies have sought to examine differences 
in appraisal and coping between these groups. Hurst 
et al. (67) looked specifically at stress and coping mech- 
anisms employed by fertile and subfertile men. They 
found similar levels of perceived stress in 24 fertile and 
25 subfertile men as categorized by their semen sam- 
ples. Subfertile men, however, had to use more coping 
resources to maintain the same emotional level as the 
men in the fertile group. 

In order to evaluate the effects of a gender- 
specific diagnosis of infertility on men, Gannon et al. 
(68) conducted a study that included men with a 
male-factor fertility problem (MMF) and men whose 
partner had a fertility problem (MFF). They focused 
on the way these men appraised their infertility (for 
example, whether they saw it as a threat or as a chal- 
lenge) and the way they coped with it (for example, 
whether they sought support from others or tried to 
ignore it). There was no overall difference between 
the groups in their appraisals of infertility or in their 
level of adjustment. In both groups, those who 
appraised infertility in terms of threat and loss showed 
higher levels of distress, and those who saw them- 
selves as having some control showed greater well- 
being. The MMF group was significantly more likely 
to cope through seeking instrumental social support 
and through mental disengagement than the MFF 
group. Appraising infertility as a threat and focusing 
on and venting of emotions were associated with 
more distress for MMF. For men in the MFF group, a 


wider range of appraisals and coping styles were 
associated with distress. 


O DONOR INSEMINATION 


Although much of the literature on the impact of infer- 
tility and individual responses applies to all those 
experiencing fertility difficulties, some specific issues 
arise for couples who use donor insemination (DI). For 
many years, DI was the only treatment strategy for 
couples with male-factor infertility. It was first used in 
the late 1930s and has become common since the 1950s. 
Initially, DI was received with outrage, although views 
have changed over the years due to a changing social 
and moral climate. It challenges societal ideas about 
paternity and biological versus social fatherhood. In 
the 1940s, men who donated sperm and men who 
allowed their wife to have another man’s biological 
child were regarded with great suspicion. At one time, 
registering a DI child as that of the social father was in 
fact a crime (69). 

Although DI is less researched than male infertil- 
ity in general, there have been some important find- 
ings. It has been suggested that DI still carries a stigma 
and is often shrouded in secrecy (70). Donors are anon- 
ymous and remain untraceable by their offspring. 
Parents of DI children frequently decide not to tell the 
child about his or her origins and thus create a secret 
that may be known only by the parents, but which, in 
many cases, is known also by other family members 
and friends. Research suggests that the majority of 
couples undergoing DI treatment do not intend to tell 
their child about his or her origins (71,72). Parents who 
do not intend to tell their child have higher distress 
levels than those who do (73). Although achieving a 
pregnancy was the main concern of couples undergo- 
ing DI treatment, they also expressed concern about 
the donor, telling the child (and the impact that might 
have on the child’s well-being), and the father’s rela- 
tionship with the child (73). 


O COUNSELING 


The process of infertility is often conceptualized in 
terms of a bereavement process, with couples needing 
to mourn the losses associated with childlessness (e.g., 
control of fertility, hopes of parenting, and self-esteem). 
Menning (56) suggested that bereavement provides a 
useful model for counseling infertile couples and 
argued that the need to grieve is often unmet because 
of the lack of a concrete object. Grieving may be more 
difficult if there is no finality in the situation; that is, a 
hope of conceiving continues. In contrast, couples for 
whom conception is impossible may more easily accept 
their infertility, process their emotions, and plan for 
the future. Viewing the knowledge of infertility as 
a process has implications for applying a bereavement 
model. Rather than thinking of infertility as a 
single bereavement, it may be more useful to see it as 
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consisting of multiple monthly losses, with each 
monthly occurrence reawakening the wide range 
of emotions associated with being unable to have a 
child. Such ongoing losses may have a compounding 
effect, and rather than becoming immune to the expe- 
rience, each monthly disappointment may draw on 
decreasing reserves and make coping more difficult. 
Although the bereavement model is widely used 
in counseling infertile couples, it is derived largely 
from clinical observation and there is little empirical 
support for it. Certainly, there is evidence that couples 
describe feelings of loss (56). Nachtigall et al. (6) found 
that approximately half their sample of subfertile men 
reported the discovery of their infertility as a loss, of 
which two kinds were identified: the loss of potency 
and the loss of biological children. A much higher pro- 
portion of women, however, identified loss and the 
authors concluded that this reflected the different 
expectations of parenthood held by men and women. 
Furthermore, while there are undoubtedly losses asso- 
ciated with infertility, individuals may not necessarily 
respond to these in ways similar to other losses. 
Although many women may find the bereavement 
model of infertility useful, such a model may be less 
appropriate for men where feelings of threat and anxi- 
ety appear to be more salient and should be considered 
in counseling (19,74). In addition, cultural issues related 
to models of masculinity should be borne in mind as 
they form an important context for the male experience. 
Lee (75) acknowledges that the changing role of men in 
society is an important contributor to male distress in 
relation to fertility problems (although he fails to 
integrate this insight into his approach to therapy in a 
systematic way). An additional challenge in counseling 
for infertility is that men and women are usually seen as 
a couple; thus, counseling must simultaneously address 
the different issues confronting both partners. One 
potentially useful approach would be to assist the couple 
to explore and acknowledge their different reactions to 
the situation and to draw on these insights to improve 
communication and understanding as well as to assist 
in making decisions concerning their course of action. 


O SUMMARY 
Reactions to Infertility 


There can be little doubt that men are distressed by 
infertility. This tends to be greater when a male factor 
is implicated, and for a sizeable proportion of men, the 
distress will reach clinically significant levels. The pre- 
sentation of distress appears to differ for men and 
women, with anxiety being a more prominent feature 
in men. This suggests that clinical interventions to 
address anxiety rather than depression are likely to be 
useful in male-factor infertility. Levels of distress are 
mediated by a number of variables: greater age, the 
absence of children, and male-factor problems are all 
associated with greater distress in men. A successful 
pregnancy will generally result in improvements 
in self-esteem and life satisfaction for men but will 


inevitably bring its own stresses and challenges, many 
of which may have been unanticipated. It may be help- 
ful to encourage couples to look beyond the immediate 
context of diagnosis and treatment to consider these 
unanticipated events. 


The Consultation—Investigation and 
Treatment 


The whole process of investigation and treatment is 
stressful, with peaks at particular stages, such as egg 
and sperm collection. The consultation is perceived as 
being valuable, even when it is not possible to give a 
firm diagnosis or to offer specific treatment options. 
The main benefits appear to be derived from the 
opportunity to discuss concerns and to receive infor- 
mation. Nevertheless, recall of this information may be 
poor, and the beliefs of patients concerning their diag- 
nosis may differ from those of the clinician. The 
consultation should, therefore, be viewed as an impor- 
tant opportunity to provide accurate information, to 
address concerns, and to be therapeutic in its own 
right. Care should be taken to assess patient under- 
standing and to address any misapprehensions. This 
could be done, for example, by asking the patient to 
summarize the information provided. 


Dealing with Infertility 


Individuals vary widely in the way in which they 
attempt to manage their reactions to their infertile 
status. Those who view matters as being beyond their 
control are likely to be more distressed than those who 
see themselves as being able to exert some control over 
the situation. How individuals cope with these stresses 
is also important. There are some gender differences in 
coping responses. In general, however, coping through 
self-blame and avoidance of the issues is associated 
with heightened distress. Conversely, responses such 
as redefining the situation (e.g., seeing a challenge 
rather than a threat), taking positive action, and accep- 
tance can be beneficial. Social support can also be valu- 
able, although men generally find it more difficult than 
women to access this type of support. 

Even men who appear to be coping effectively 
may be doing so at the expense of deploying a great 
many coping responses. As coping imposes its own 
costs (76), this may have implications for longer-term 
psychological well-being. It is probably useful to 
enhance the individual’s sense of control, for example, 
by involving them as much as possible in decision- 
making. Coping responses that involve taking positive 
action, redefining the situation in more positive ways, 
and moving toward acceptance should be identified 
and promoted. Men in particular should be encouraged 
to seek support and to identify other individuals with 
whom they can discuss their feelings. Having said this, 
it is important to note that the overriding issue to 
remember when working with infertile couples is that 
they are all different. Listening to and understanding 
individual responses are of paramount importance in 
providing useful and appropriate support. 
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O INTRODUCTION 


Sperm autoimmunity is an important cause of male 
infertility. It is present in 4% to 10% of men seen for 
the treatment of infertility (1-3). In some surveys of 
infertile men, very high proportions of positive results 
have been reported (4). The condition is important to 
recognize as a cause of asthenozoospermia, idiopathic 
infertility, or the unexpected failure of standard in 
vitro fertilization (IVF). Yet, the significance of sperm 
autoimmunity is disputed because early tests for the 
detection of sperm antibodies were not very accurate, 
and even recent tests, such as those based on immuno- 
fluorescence, can still be misleading (see Chapter 26) 
(5, 6). It has also been suggested that screening for anti- 
sperm antibodies before IVF is not cost-effective, as a 
positive test has a low predictive value for the failure 
of fertilization and the need for intracytoplasmic sperm 
injection (ICSI) (7,8). This is an unfortunate attitude 
that, if extended, would result in minimal evalua- 
tion of patients and a consequent inability to counsel 
patients regarding their prognosis for conception with- 
out treatment, the evaluation of ART results for dif- 
ferent conditions, or the prompt consideration of 
alternative approaches to couples management. 
Despite considerable research effort, the patho- 
genesis of sperm autoimmunity remains unclear. In 
particular, the antigens involved in sperm autoimmu- 
nity are poorly understood (see Chapter 26). Experi- 
mental models such as autoimmune orchitis and 
immunization with testis- or sperm-specific proteins 
has yet to expose the causes and mechanisms of human 
sperm autoimmunity. More is known about the effects 
of sperm antibodies, however. In the male, these anti- 
bodies can impair sperm output and function, reduc- 
ing penetration of the cervical mucus and oocyte 
vestments and causing severe infertility. Sperm isoim- 
munity is an equivalent condition in females that can 
also produce severe infertility, although this is difficult 
to predict from the currently used antibody tests 


(9-11). The severity of the infertility associated with 
sperm autoimmunity and isoimmunity combined with 
the lack of other resultant effects elsewhere in the body 
both suggest that, if these conditions could be induced 
in a controlled manner, it is possible that they could be 
used to develop a method of long-term contraception 
(10,12,13). As with other organ-specific autoimmune 
conditions in which the autoantibody tests are positive 
in a considerable number of healthy people, however, 
sperm antibodies may also be present without an 
impairment of fertility (1). Therefore, the clinician must 
be careful not to over-interpret test results. 

While acquired immune deficiency syndrome 
(AIDS) and other autoimmune diseases such as sys- 
temic lupus erythematosus, polyarteritis nodosa, and 
immunological hypopituitarism may also affect testic- 
ular function, these diseases will not be discussed in 
this chapter. For further information on these condi- 
tions, please refer Chapters 12, 14, 17, and 19. Similarly, 
immunological mechanisms that may contribute to 
testicular damage following orchitis are not covered. 
For further information on orchitis, please refer to 
Chapter 16. 


O DEFINITION 


Sperm autoimmunity is an organ-specific autoimmune 
disease in which antibodies bind to sperm and impair 
their function, causing severe infertility. Therefore it is 
necessary for clinical diagnosis that there is both a 
positive antibody test and a test result demonstrating a 
detrimental effect on sperm function, typically that of 
impaired sperm-cervical mucus penetration. Histori- 
cally, a positive Isojima sperm immobilization test 
(SIT) in blood serum combined with impaired sperm 
mucus penetration tests provided a useful algorithm 
for the provisional diagnosis (Chapter 26). The results 
were confirmed by a second set of tests before 
making a conclusive diagnosis of sperm autoimmunity. 
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The criteria for impaired mucus penetration consisted 
of either the absence of progressively motile sperm in 
a mid-cycle, post-coital test (PCT), or an in vitro sperm 
cervical mucus contact test (GCMCT), or alternatively, 
no sperm penetration beyond 2 cm in the Kremer cap- 
illary tube cervical mucus penetration test. Since the 
introduction of the immunobead test (IBT) in the 1980s, 
a positive IBT is used (greater than 50% of motile sperm 
with anti-IgA and/or anti-IgG beads bound), and a 
blocked Kremer test on two separate occasions. The 
indirect IBT on blood serum is used if there are no 
motile sperm in the semen. Positive sperm antibody 
tests without evidence of severe impairment of sperm 
function are termed “low-level sperm antibodies,” and 
patients with such results should not be regarded as 
having sperm autoimmunity. In these patients, other 
causes for infertility should be sought. Failure to appre- 
ciate this important distinction between clinically 
insignificant positive sperm antibody tests and sperm 
autoimmunity is probably a major cause of the confu- 
sion in the literature about the significance of the 
condition (5). 


O TYPES OF SPERM AUTOIMMUNITY 


There are three types of sperm autoimmunity: that 
associated with genital tract obstruction, that accom- 
panied by testicular inflammation, and a spontane- 
ously occurring type that does not present with either 
of the preceding associated features. 


Sperm Autoimmunity Associated with 
Genital Tract Obstruction 


About 50% of men seen with positive sperm antibody 
tests also have genital tract obstruction—most com- 
monly the result of vasectomies, post-inflammatory 
epididymal obstructions, or reconstructive surgery. 
More than 70% of men develop sperm antibodies in 
their serum within twelve months of vasectomy (14,15). 
The antibodies are more frequent in men who also 
have sperm granulomas associated with the vasectomy 
(16). The presence of these antibodies is an adverse 
factor for the future success of vasovasostomy, as well 
as surgery for other genital tract obstructions (17-19). 
Sperm autoimmunity is common in men with persist- 
ing infertility after vasectomy reversal (20). 

The other types of genital tract obstruction 
associated with sperm autoimmunity appears to be 
that which occurs after puberty, such as post-gonococ- 
cal epididymitis or obstruction due to trauma, includ- 
ing iatrogenic vasal damage inflicted at the time of 
inguinal hernia surgery (21). Unilateral genital tract 
obstruction may also cause sperm antibody produc- 
tion (22). Sperm antibodies are less common with 
congenital epididymal obstructions, Young syndrome, 
and congenital absence of the vasa (19,23,24). The 
presence of antibodies in this group may be related to 
the length of unobstructed epididymis (25). 


Sperm Autoimmunity Associated with 
Orchitis 


Occasionally, inflammatory cell infiltrates are found in 
testicular biopsies of men with sperm antibodies. This 
“autoimmune orchitis” may follow an episode of epi- 
didymo-orchitis or it may occur spontaneously (1,26). 
Whether the infiltrates are related to the sperm anti- 
bodies is unknown, as they may exist in the absence of 
sperm antibodies. Sympathetic orchitis following tes- 
ticular injury may occur, but it is very rare (27,28). 


Spontaneous Sperm Autoimmunity 


About half the men with sperm antibodies have no 
obvious genital tract obstruction or orchitis. Some 
may have a genetic or familial predisposition to auto- 
immunity. Wall et al. found thyroid antibodies to be 
more common in infertile men, some of whom had 
sperm antibodies (29). The authors of this chapter 
have previously reported 101 non-azoospermic men 
with positive sperm antibody tests who were found to 
have a higher frequency of family histories of other 
autoimmune diseases such as pernicious anemia and 
thyroid disorders (32% compared with 11% in 725 
control infertile men) (1). In a study of 102 men with 
spontaneously occurring sperm autoimmunity and 
277 control infertile men without azoospermia and 
negative SIT, a significantly higher frequency of posi- 
tive thyroid microsomal antibodies was also found: 
11.8% compared with 4.3% in controls. Positivity for 
any thyroid or gastric antibody was also higher than 
in controls (18.6% compared with 8.7%). The results 
for another 57 patients with sperm autoimmunity 
associated with genital tract obstruction were similar 
to the SIT negative control patients (30). Previously, 
several researchers had shown that vasectomy itself 
does not predispose to the development of any auto- 
antibodies other than antisperm antibodies (31,32). 
The existence of patients with sperm autoimmunity 
and other concomitant autoimmune diseases, such as 
Hashimoto thyroiditis, however, has since been dem- 
onstrated. It is possible that there are HLA subtypes 
that predispose a patient to the development of sperm 
antibodies (33,34). Notably, the frequency of positive 
sperm antibody positive results tends to increase with 
age in men (35). These features suggest that this form 
of sperm autoimmunity has a similar pathogenesis to 
other organ-specific autoimmune diseases. It is inter- 
esting that neonatal thymectomy in some strains of 
mice and rats produces autoimmune endocrine gland 
disorders, orchitis, and infertility associated with 
sperm antibodies (36). 


Other Associations of Sperm Antibodies 


Associations between sperm antibodies and other 
conditions such as mumps orchitis, varicocele, sexu- 
ally transmissible and non-specific male accessory 
gland inflammation, leprosy, chronic alcoholism, 
hyperprolactinemia, immotile cilia and failure of 
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ejaculation of various causes including chronic spinal 
cord injury have been suggested but not confirmed 
(37-42). Testicular biopsy, orchiopexy for unde- 
scended testes, other scrotal surgery, testicular torsion 
and other injuries do not appear to cause or aggravate 
sperm autoimmunity (43-45). During the evaluation of 
a method for fine needle tissue aspiration biopsy of the 
testis, the authors attempted to observe a change in 
titre of sperm antibodies in men previously known to 
be positive. Serum was collected two weeks after the 
biopsy, when an anamnestic response would be 
expected to peak. There was, however, no change 
detected by the indirect IBT in any IgG, IgA, or IgM 
antibody class (44). Apart from the association with 
genital tract obstruction of post-pubertal onset, minor 
damage to the scrotal contents is unlikely to be rele- 
vant to the production of sperm antibodies. Histories 
of testicular trauma, inflammation and surgery appear 
to be no more frequent in men with sperm antibodies 
than in other infertile men (1). 


O PATHOPHYSIOLOGY 
Sperm Autoantigens 


The mechanisms of development of sperm antibodies in 
men are unclear. Multiple antigens appear to be involved 
in the pathogenesis of sperm autoimmunity, but most 
of the epitopes reacting with the autoantibodies are 
unknown (46-49). Some of the antigens identified are 
intracellular proteins, and it is difficult to understand 
how antibodies to these could cause an abnormality of 
sperm function (50). The antibodies may be naturally 
occurring to sperm-coating proteins from the epididy- 
mis. It is certain that non-peptide antigens are involved 
(51-54). Oligosaccharide or glycolipid epitopes may 
have cross-reactions with bacteria or other cells (55,56). 

The different patterns of immunobead binding to 
the sperm surface: head, neck, tail, tail tip may result 
either from antibodies binding to different antigens in 
these locations, or from variations in the total amount 
of antibodies on the sperm (57). 


Mechanism of Immunization 


The mechanism of immunization is poorly understood. 
Alterations in immunomodulatory factors in the semi- 
nal plasma of men with sperm autoimmunity suggests 
that a loss of immune tolerance is involved in the 
pathogenesis (58-60). The autoantibodies could appear 
in the genital tract due to defects in the blood-testis 
barrier or possibly because of impairment of the immu- 
nomodulatory mechanisms that allow the testis to be 
an immunologically privileged organ. These antibod- 
ies may also be produced by lymphocytes resident in 
the epithelium of the epididymis (61,62). 


Effect of Autoantibodies on Sperm 


Sperm antibodies of different immunoglobulin classes 
can be found in the serum and seminal plasma as well 


as on the sperm itself. IgG and IgA sperm antibodies 
(particularly secretory IgA) locally produced in the 
male genital tract may cause the greatest interference 
with sperm function (57,63). 

Sperm antibodies may impair fertility at several 
levels, potentially resulting in defective spermatogene- 
sis, sperm agglutination in the male genital tract, 
reduced sperm motility, impaired cervical mucus pene- 
tration, impeded transit of the female genital tract, or 
ultimately, interference with the process of binding to 
the zona pellucida, the acrosome reaction (including 
premature acrosome loss), and penetration of the zona 
(64-66). Diverse immunologic effects of the antibodies 
are also possible, such as complement-dependent cyto- 
toxicity and opsonization with macrophage removal of 
antibody-coated sperm (67). The importance of such 
mechanisms in vivo, however, is uncertain. Direct effects 
in the testis are not clear as inflammatory cell infiltration 
and immune deposits are not common (68). The main 
pathogenetic effects of sperm antibodies appear to 
include the direct effects of the antibodies bound to the 
surface of the sperm that cause sperm agglutination, 
impaired motility, blockage of sperm mucus penetra- 
tion and impaired sperm-—oocyte interaction. 

Reduced sperm penetration of cervical mucus and 
the shaking phenomenon (active but nonprogressive 
motility typical of sperm heavily coated with antibodies 
in cervical mucus) is particularly caused by an interac- 
tion between the Fc parts of the sperm antibodies on the 
sperm and components of the mucus (69). Both IgA and 
IgG antibodies may be involved, but IgA antibodies 
appear to be particularly important in impairing sperm- 
cervical mucus penetration (57,63,70,71,72). 

Early studies showed that sperm antibodies 
produced variable results with impaired or enhanced 
human sperm-zona free hamster oocyte penetration 
tests (73,74). It was apparent early on, however, that 
high levels of antibodies impaired human fertilization 
in vitro (75-77). Clarke et al. (78) conducted experi- 
ments on human fertilization in vitro indicating that 
human sera containing antisperm antibodies blocked 
fertilization and that IgA antibodies were particularly 
significant in interfering with fertilization. Reducing 
the antibody levels with glucocorticoid therapy 
resulted in reasonable results with standard IVF (75). 
Although there are some reports that do not demon- 
strate a relationship between antisperm antibody levels 
and low fertilization rates with standard IVF, most 
studies have confirmed these findings (79-81). Studies 
with human oocytes suggest that sperm antibodies 
interfere particularly with sperm zona pellucida bind- 
ing, the zona pellucida-induced acrosome reaction, 
and sperm penetration of the zona pellucida (82-85). 
Impaired oolemma binding may also occur with high 
levels of sperm antibodies (86). There is a strong corre- 
lation between impaired IVF fertilization rates and 
impaired sperm mucus penetration. 

Additional adverse effects of sperm antibodies 
have been suggested, such as the increased production 
of reactive oxygen species (87). DNA damage and its 
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deleterious effects on stages subsequent to fertil- 
ization have been raised, but these do not appear to 
be important in humans as there is no evidence of 
reduced embryo utilization, implantation rates, or 
increased pregnancy wastage with immunological 
infertility of male origin (88-90). Immunological infer- 
tility of female origin may be associated with some 
embryonic losses (91,92). 


O PROGNOSIS FOR NATURAL FERTILITY 
AND STANDARD IVF 


Poor prognosis for fertility in men with high levels of 
sperm antibody activity in serum was found in early 
follow-up studies (Table 1) (1, 93-95). It must be 
emphasized that these data were obtained with high- 
titer antibody positivity only (particularly SIT), or 
when blocked sperm mucus penetration was also 
present (1,94,95). Under these conditions, sperm auto- 
immunity causes persistent severe infertility. The 
authors studied 101 men with positive SIT who were 
not azoospermic. Of the 14 men not tested for sperm 
mucus penetration, four individuals achieved preg- 
nancies within six months without medical treatment. 
Eight of 15 men who had sperm mucus penetration 
tests showing progressively motile sperm produced 
pregnancies within seven months. As summarized in 
Table 1, six pregnancies occurred during follow-up 
review of the 72 men with positive SIT and blocked 
sperm mucus penetration, and three of these pregnan- 
cies occurred with the use of glucocorticoid therapy. 
The pregnancy rate for these men with sperm autoim- 
munity (positive sperm antibody test and blocked 
sperm mucus penetration) was 0.67/100 months, com- 
pared with 2.6/100 months in 753 control infertile 
men not known to have sperm autoimmunity (1). 


Table 1 Pregnancy Rates in Subfertile Couples with and 
without Sperm Autoimmunity 


Number Pregnancy rate 
of Pregnant (pregnancies/ 
Group couples (%) 100 cycles) 
Control (sperm antibody 753 30 2.6 
test negative or not 
done) 
Sperm autoimmunity 72 8.3 0.67 
(sperm antibody test 
positive and blocked 
sperm-mucus 
penetration) 
Treated by AIH (1-6 17 5.9 1.3 
cycles) 
Treated with testosterone 15 13 2.6 
esters (250 mg 2 
weekly for 3 months) 
Treated with prednisolone 14 21 46 
(0.5—0.75mg/kg/day, 
4—6 months) 
No treatment 35 2.8 0.3 


Source: From Ref. 1. 


Similarly low pregnancy rates with sperm autoimmu- 
nity are apparent in the literature (93-95). If the defi 
nition of sperm autoimmunity is loosened to include 
all sperm antibody positive patients, the spontaneous 
pregnancy rates are higher, approaching 1.7% per 
cycle (96). 

Occasionally, sperm autoimmunity may fluctu- 
ate in severity. The rare patients who produce preg- 
nancies without treatment appear to have spontaneous 
improvements in semen quality, with a fall in antibody 
levels and increased sperm-mucus penetration (1). 
Sperm antibodies may also decrease after relief of gen- 
ital tract obstruction, but this may take many months 
or years to occur (97). As explained in the following, 
glucocorticoid treatment typically produces only a 
transient benefit. 


O CLINICAL FEATURES 
Diagnosis 


Surveys comparing infertile men with and without 
sperm antibodies indicate that the former have longer 
durations of infertility and fewer previous pregnancies 
despite higher average sperm concentrations and less 
ovulatory disorders in the female partners (1). Sperm 
motility tends to be low, and sperm agglutination is 
common (98). Interestingly, however, there is no 
characteristic semen pattern with sperm autoimmu- 
nity. Sperm agglutination and low motility are not 
invariable; the semen analysis may vary from normal 
to azoospermic. Thus, all infertile men must be 
screened. The WHO laboratory manual for the exami- 
nation of human semen and semen-cervical mucus 
interaction includes testing for sperm antibodies as a 
standard procedure (99). Either the IBT or the mixed 
antiglobulin reaction (MAR) test is recommended, 
although the IBT may be preferable, as it is a more 
robust test. It should be noted that the various aggluti- 
nation tests and SIT are now obsolete for clinical pur- 
poses. A positive result must be evaluated further by a 
sperm mucus penetration test. An alternative to screen- 
ing for antibodies would be to perform a sperm mucus 
penetration test. If there are no motile sperm in the 
semen, an indirect IBT may be performed on blood or 
seminal plasma. 


O DIFFERENTIAL DIAGNOSIS 


Men with sperm autoimmunity must be distinguished 
from those with low-level sperm autoantibodies that 
are not relevant to the infertility. Previous suggestions 
that 20% IBT binding should be regarded as positive 
were misleading. Patients with positive bead binding 
to less than 50% of motile sperm do not have additional 
impairment of fertility (100,101). Such patients have 
mucus penetration tests that are normal or only mar- 
ginally impaired. Treatment for the antibodies is not 
warranted, and other causes of the couple’s infertility 
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should be sought. Many patients with low-level sperm 
antibodies have immunobead binding only to the tail 
tips, or IBT results with less than 70% binding to the 
sperm heads (57). 

If there are few or no sperm present in the semen, 
the main problem to be determined is whether the 
sperm antibodies are the only source of the pathology 
or whether there is also an obstruction or a spermato- 
genic disorder. Clinical features such as previous geni- 
tal tract trauma, surgery, or palpable abnormalities in 
the epididymides or vasa may suggest obstruction, 
while testicular atrophy and elevated serum follicle- 
stimulatiing hormone (FSH) levels typically indicate a 
spermatogenic defect. Because the presence of sperm 
antibodies indicates that sperm are being produced; 
thus, a positive IBT in an azoospermic man suggests an 
obstructive element. A trial of glucocorticoid therapy 
may be useful to differentiate those patients with com- 
bined mechanical obstruction and sperm antibodies 
from those with azoospermia or very severe oligosper- 
mia as the result of sperm autoimmunity alone. In the 
latter case, there may be a dramatic increase in sperm 
output (1). 


O TREATMENT 


There is confusion about the value of treatment of 
sperm autoimmunity in the literature. This is partly 
related to the lack of understanding about the need to 
separate patients with sperm autoimmunity from those 
with low levels of sperm antibodies that do not con- 
tribute significantly to the infertility. The latter type of 
patient may achieve pregnancies by a variety of meth- 
ods, including artificial insemination and standard 
IVF, both of which techniques produce very poor 
results in patients with sperm autoimmunity. Some 
studies, however, do not differentiate these patient 
groups, and thus produce controversial results (102). 
Because of the poor prognosis for natural conception, 
artificial insemination, or standard IVF in cases with 
sperm autoimmunity, donor insemination is also an 
option for these couples. If donor insemination is used, 
it is necessary to tell the couple to avoid coitus within 
48 hours of insemination, as the antibodies in the man’s 
semen could affect the donor sperm (103, 104). 


ICSI 


ICSI is now the primary method of treatment for sperm 
autoimmunity (105). Provided the sperm are alive, out- 
comes tend to be good. Sperm antibodies do not appear 
to have an adverse effect on the outcome of ICSI. In fact, 
reports indicate that ICSI generally produces good 
results when compared to historical controls that uti- 
lized standard IVF without glucocorticoid treatment of 
the men (106-108). There also have been comparative 
studies that clearly demonstrate higher fertilization 
rates with ICSI than standard IVF using a random selec- 
tion of oocytes from each patient for ICSI or IVF (107). 


Before the introduction of ICSI, standard IVF 
produced poor results with patients with severe sperm 
autoimmunity (109,110). If sperm antibody levels were 
reduced with prednisolone treatment the results were 
reasonable (75). A controlled trial by Lahteenmaki et 
al. (111) with prednisolone showed no improvement 
with fertilization rate over that with placebo, but the 
dosing regimen was very modest at only 20 mg daily 
for 10 days. As can be expected, there was no effect on 
antibody levels. It should be noted, however, that this 
group later found that a low dose of prednisolone was, 
in fact, able to reduce antibody levels in some patients 
if the treatment course were prolonged to a total of 21 
days (112). 


Methods 


Standard methods are used for preparation and injec- 
tion of sperm ICSI (113). Some protocols require the 
man to ejaculate into approximately 50 ml of culture 
medium in order to reduce the amount of antibodies 
bound to the sperm. If no motile sperm are present in 
the fresh or cryopreserved semen, pentoxifylline or 
hypoosmotic swelling may be used to select live sperm; 
testicular biopsy may also be used to obtain elongated 
spermatids for ICSI (113). 


Results 


Fertilization rates are low if immotile sperm are 
injected. Otherwise, the results appear to be the same 
as for other types of male infertility that can be treated 
successfully with ICSI. Not to be discounted are the 
influences of female factors, particularly age. In women 
under 35 years of age, about 35% to 40% will be able to 
conceive with embryo transfers obtained from each 
multiple oocyte collection. 


Complications 


The complications of ICSI in women include ovarian 
hyperstimulation syndrome, bleeding, infection from 
the oocyte collection procedure, and multiple pregnan- 
cies when more than one embryo is transferred. These 
complications are not specific to sperm autoimmunity, 
and occur with ICSI performed for other reasons. 


O GLUCOCORTICOID TREATMENT 


Although there is a range of differing opinions, the 
effectiveness of glucocorticoid treatment for sperm 
autoimmunity does have an evidence base in controlled 
clinical trials (3,97,114). This method of treatment is a 
reasonable choice when sperm autoimmunity is the 
only obvious cause for infertility in a healthy couple 
that wishes to do everything possible to achieve a natu- 
ral pregnancy. Long-term glucocorticoid treatment is 
contraindicated if the woman is infertile or if the 
man has other illnesses that increase the risks of seri- 
ous adverse effects, particularly peptic ulcer disease, 
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hypertension, obesity, or diabetes mellitus. ICSI is an 
alternative treatment that has replaced the need for 
short-term glucocorticoid treatment before performing 
standard IVF (75,105). The couple may choose either 
ICSI or glucocorticoid treatment initially, and if the first 
treatment is unsuccessful, may simply try the other. 
The couple may also pursue donor insemination. 


Clinical Trials 


Initial reports of glucocorticoid treatment of sperm 
autoimmunity were unfortunately not controlled (1, 
115-119). Some studies included combinations of treat- 
ments, such as testosterone suppression and glucocor- 
ticoids (120). Typical results included the reduction of 
antibody levels and increased sperm motility and 
mucus penetration. Large increases in sperm concen- 
tration were also reported in some men (1,121). 
Although the results were limited, pregnancy rates 
seemed higher than in historical controls (1,122). 

Some comparative trials were performed that 
also suggested the potential benefits of glucocorticoid 
therapy, but of these, some included both men and 
women with sperm antibodies (123). It is likely that 
trials that produced results suggesting the ineffective- 
ness of glucocorticoid therapy involved insufficient 
doses of glucocorticoid drug or durations of therapy 
(124). A small randomized trial with 10 men who were 
given low-dose intermittent therapy only demon- 
strated reduced antibody levels (125). Keane et al. also 
showed a decrease in antibody levels in 10 men treated 
with intermittent high-dose prednisolone; four preg- 
nancies occurred as a result (126). In a larger study of 
48 patients, both a fall in antibody levels and an 
improvement in sperm motility were demonstrated 
with long-term moderate-dose intermittent therapy, 
resulting in 12 pregnancies (127). A crossover trial of 
intermittent moderate-dose prednisolone or placebo 
for three cycles produced neither a change in antibody 
levels nor pregnancy (128). In this trial, the dose and 
time of treatment was probably inadequate, as a 
number of the same patients later produced pregnan- 
cies with artificial insemination or IVF, subsequently 
suggesting that the trial subjects included patients with 
low-level sperm antibodies and that not all had severe 
sperm autoimmunity. The most encouraging trial 
reported to date involved 43 men with sperm antibod- 
ies and impaired cervical mucus penetration treated 
with 20 mg of prednisolone twice daily for the first 10 
days of the partner’s menstrual cycle for nine months 
or placebo tablets. The results of this study demon- 
strated nine pregnancies occurring in the prednisolone 
group, and two pregnancies occurring in the placebo 
group (114). 


Regimen 


Various regimens of prednisolone or other glucocorti- 
coid therapy have been used. Because a number of 
cases of aseptic necrosis of the femoral head have been 


associated with high-dose (i.e., 96 mg) methylpredniso- 
lone, this regimen is no longer in use (119). Both contin- 
uous and intermittent prednisolone therapy regimens 
have been shown to be effective in placebo-controlled 
trials. Continuous therapy is considered to be 0.75 mg/ 
kg or 50 mg/day given as a single dose each morning 
with breakfast until a pregnancy occurs, or for a maxi- 
mum of four to six months. A typical intermittent regi- 
men will use 20 mg to 25 mg of prednisolone each day 
from day 1 through day 10, or, alternatively, day 4 
through 14 of the woman’s menstrual cycle. If the semen 
quality and mucus penetration have not improved 
within three months, then the dosage is doubled at that 
time and again after six months. Treatment is usually 
stopped after a total of nine months. 

A therapeutic trial of prednisolone 50 mg daily 
for four to eight weeks may be used to distinguish gen- 
ital tract obstruction associated with sperm antibodies 
from sperm autoimmunity alone causing azoospermia 
or severe oligozoospermia. 


Monitoring and General Management 


Patients must be carefully monitored for improvement 
in semen quality and for adverse effects. Semen tests, 
IBT, and sperm mucus penetration tests are performed 
monthly about the time of the woman’s menses. 
Findings of increased sperm concentration, motility, 
mucus penetration accompanied by a decreased IBT, 
particularly an IgA IBT of less than 70%, are indicative 
of a beneficial effect (Fig. 1). 

The couple should have sexual intercourse fre- 
quently at the most fertile time of the cycle, preferably 
daily. If semen quality improves, sperm may be cryo- 
preserved during the non-fertile times of the woman’s 
cycle and stored for future use in subsequent artificial 
insemination or ICSI. Artificial insemination may be 
successful with stored semen from a previous course 
of prednisolone therapy (1). 


Results 


About 50% of men treated with glucocorticoids for 
sperm autoimmunity demonstrate a reduction in 
sperm antibody levels and an increase in sperm con- 
centration, motility, and mucus penetration. 
Pregnancies occur in about 25% of couples during a 
four- to six-month course of continuous daily prednis- 
olone or after a longer period of intermittent predniso- 
lone therapy. Ovulatory disorders, endometriosis, and 
tubal abnormalities reduce the chances of a pregnancy 
occurring during treatment. 


Complications 


Adverse effects of prednisolone treatment are 
common. Insomnia and dyspepsia are frequent early 
problems. Cushingoid appearance, muscle weakness, 
and joint aches are frequent after more than two or 
three months of treatment. Transient decreases in 
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testosterone and SHBG levels, muscle and bone mass 
occur with a concurrent increase in fat mass (129). 
Occasional adverse effects resulting from depressed 
immunity include herpes zoster and severe folliculi- 
tis. More serious adverse effects, such as depression, 
cataracts, Addisonian crisis after cessation of treat- 
ment, and aggravation of peptic ulcer disease are rare. 
The most serious adverse effect of prednisolone treat- 
ment is aseptic bone necrosis, most commonly of the 
femoral head (130). 

Unfortunately, this major side effect has been 
described in a number of men being treated for sperm 
autoimmunity. It is thought that heavy alcohol drink- 
ing may predispose patients to this complication, and 
thus patients need to be carefully advised due to the 
large number of litigation actions that have occurred 
as a result. Appropriate patient counselling should 
include a telephone number for emergency contact 
purposes if severe hip pain occurs, thus enabling 
early cessation of prednisolone and the immediate 
intervention of a rheumatologist or orthopaedic sur- 
geon which may avoid serious bone necrosis and the 
need for hip replacement in up to 50% of patients. 
While other concomitant illnesses such as asthma 
and psoriasis are often improved during glucocorti- 
coid treatment, they may flare up after stopping the 
treatment. Only rarely does semen quality deteriorate 
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Figure 1 Glucocorticoid treatment of a patient with sperm 
autoimmunity. After two months treatment with prednisolone 
(50 mg/day), the antibody levels on the sperm were less (IgA 
IBT fell from 100% to 70%) (upper panel, left axis, closed 
symbols), sperm aggregation decreased (Aggreg grade) 
(upper panel, right axis, open symbols) and sperm concen- 
tration (lower panel, left axis, closed symbols), motility (lower 
panel, right axis, open symbols) and mucus penetration (not 
shown) increased. A natural conception occurred in the 
month after the 50 mg dose of prednisolone was stopped. 


during glucocorticoid treatment. There may also be 
loss of libido possibly related to the suppression of 
testosterone levels. 


O OTHER POSSIBLE TREATMENTS 


Testosterone suppression of spermatogenesis, artificial 
insemination (AI), washing sperm to remove sperm 
antibodies, antibiotic therapy, and IVF or gamete intra- 
fallopian transfer (GIFT) without prior prednisolone 
therapy are ineffective for sperm autoimmunity 
(1,116,131). Reports in the literature claiming success 
for these procedures do not separate patients with low- 
level sperm antibodies (132,133). Lahteenmaki et al. 
(133) performed a trial in 31 men with positive anti- 
sperm antibodies in order to compare intrauterine 
insemination (IUI) with low-dose prednisolone and 
timed intercourse. The latter course of treatment had a 
poorer outcome than the IUI without glucocorticoid 
therapy. Similarly, IUI was compared with IVF for 
patients with a positive MAR of greater than 50%, with 
no difference in results (134). 

Also worthy of consideration are surgeries to 
relieve obstructions, such as repeat vasovasostomy 
and vasoepididymostomy, or the removal of an orchitic 
testis (113). Some experts suggest that partial obstruction 
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is amore important cause of the development of sperm 
antibodies (135). In one open study, sperm antibody 
titers were reportedly decreased after the treatment of 
prostatitis (136). For further information on obstruc- 
tion, please refer to Chapter 18. 

Separation of sperm with less antibodies on the 
surface from those that are more heavily coated is pos- 
sible in patients with low-level antibodies (57,137). 
This fact is not helpful for treatment, however, since 
the antibodies in such patients are not present in suffi- 
cient quantity to cause severe infertility. Removal of 
sperm-bound antibodies by washing cannot be suc- 
cessful due to the seven-day half-life of antibody- 
antigen dissociation interactions. It is possible that 
enzyme methods may be more successful, such as in 
the example of IgA protease (138,139). The use of pure 
antigen to block binding has also been considered 
(140). In the future, immunomodulatory approaches 
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O INTRODUCTION 


Male-factor infertility can be associated with a wide 
range of semen anomalies involving sperm count, 
motility, and morphology. In the inherently complex 
fertilization process, male-factor infertility, along with 
defects in sperm function, is the single most common 
cause of failure to achieve pregnancy. The etiology of 
impaired sperm production and function could be due 
to congenital or acquired obstruction to sperm passage 
from the testis or epididymes, genetic mutations, chro- 
mosomal abnormalities, endocrine factors and idio- 
pathic factors. 

In the last one-and-a-half decades of the twenti- 
eth century, many micromanipulation techniques, 
such as partial zona dissection (PZD) (1), subzonal 
sperm injection (SUZI) (2), and intracytoplasmic sperm 
injection (ICSI) (3) were developed and refined to over- 
come some of the problems of human infertility; when 
Palermo et al. (3) reported the first human pregnancies 
following ICSI, the direct injection of a single sperm 
into an oocyte, it was a major breakthrough in the field 
of assisted fertilization in humans. Since then, ICSI has 
evolved as the most effective treatment for severe oli- 
goasthenoteratozoospermia (poor sperm count, poor 
motility, and high numbers of abnormal sperm), with 
many in vitro fertilization (IVF) centers reporting a sig- 
nificant improvement in pregnancy rate and live birth 
rates. It is also now possible to inject testicular sperma- 
tozoa and spermatids directly into the oocyte to enable 
conception. The direct injection of a spermatozoa 
(mature ejaculated or immature aspirated) into the 
oocyte bypasses critical physiological steps in sperm 
selection in a normal fertilization such as acrosome 
reaction, sperm binding to the zona pellucida, and 
sperm fusion with the oolemma (see Figure 1 in 
Chapter 39). There is a concern that ICSI may have 
opened a channel for the transmission of genetic defects 
to the next generation, as genetic mutations and chro- 
mosomal abnormalities have been linked to male 
infertility. 


This review presents a brief history of the devel- 
opment of micromanipulation techniques and the 
application of these techniques in assisting conception 
in humans. The outcome and implications of these 
micromanipulation techniques in the treatment of male 
infertility are discussed. 


A Brief History of Micromanipulation 


Micromanipulation is defined as the art of performing 
microscopic procedures or microsurgery on individual 
cells with the aid of a microscope and apparatus in 
which very fine instruments are held and displaced in 
microdistances. The first microsurgical apparatus was 
developed by Schmidt (4). Schmidt’s apparatus con- 
sisted of a special microscope stage that held a speci- 
men of tissue. Surrounding the stage were three 
screw-controlled positioners that were used for oper- 
ating a variety of microscopic dissection instruments 
such as metal needles, scissors, and scalpels. A fine 
motion of the microsurgical tool could be obtained by 
turning the screws. Chabry (5) further developed the 
micromanipulation apparatus and methodology that 
led to the first true embryological micromanipulation 
of embryos of ascidians. The embryos were manipu- 
lated by glass capillary tubing and very fine glass 
needles. Chabry (5) also described the technique for 
the fabrication of ultrafine glass needles by using a hot 
platinum wire to pull minute, sharp points from the 
tips of glass microneedles. Microforge techniques are 
adapted from this method. Since then, the microma- 
nipulation apparatus and microtool fabrication tech- 
niques developed by Schmidt (4) and Chabry (5), 
respectively, have been further refined by other 
researchers, particularly those involved in the study of 
cell biology and mammalian embryology. 

The first few decades of the twentieth century 
were devoted to the application of micromanipulation 
techniques in experimental cytology, bacteriology, cel- 
lular physiology, and embryology in invertebrates and 
amphibians. From 1940 onward, micromanipulation 
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Figure 1 (See color insert.) (A) Micromanipulation system that consists of: (1) a high-end inverted microscope, (2) pair of micromanipulators, 
(3) heating stage, (4) pair of micropipette holders, (5) a pair of injectors. (B) Micromanipulation set-up typically consists of a manipulation dish 


and two micopipettes. 


techniques were used to study oocytes in mammals: 
the rat (6), the human (7), the mouse (8), and the rabbit 
(9). The impetus for experimental mammalian embry- 
ology was provided by Lin (10), who conducted a 
series of experiments on the technical and experimen- 
tal nature of micromanipulation of mouse oocytes. In 
1966, Lin reported the first successful microinjection 
of mouse oocytes. He demonstrated that during the 
microinjection of bovine gamma globulin-citrate 
Locke’s solution into these oocytes, penetration 
through the elastic zona pellucida requires a thrust of 
the microinjection pipette. On the other hand, inject- 
ing into the watery ooplasm requires the smooth and 
slow penetration of the microinjection pipette, because 
sudden penetration would cause the disruption of 
the oolemma and death of the oocyte. Lin concluded 
that microinjection was easier at the pronuclear stage 
than at the unfertilized stage. He (11) also demon- 
strated that the mouse oocyte remained intact after the 
removal of its ooplasm with a micropipette up to 
almost half its volume. 

The early investigations regarding the injection 
of sperm into oocytes were primarily to elucidate the 
early events of fertilization, such as membrane fusion 
between homologous and heterologous gametes, 
oocyte activation, and pronuclear formation. With the 
advent of human IVF, it is possible to subject human 
oocytes and preimplantation embryos to micromanip- 
ulation. Micromanipulation in the human is presently 
limited to diagnosing and correcting genetic and chro- 
mosomal disorders and assisting embryo hatching and 
fertilization in severe male-factor infertility. 


O MICROMANIPULATION TECHNIQUES IN 
ASSISTED REPRODUCTION 


Since the birth of Louise Brown, the first test-tube baby 
in 1978, IVF has been used, with varying degrees of 
success to treat male infertility. The limitations to IVF 


are azoospermia, severe oligoasthenoteratospermia, 
and thickening of the zona pellucida. Sperm with 
severe morphological defects are unable to penetrate 
the zona pellucida. Micromanipulation procedures 
were developed to assist fertilization via a bypass of 
the zona pellucida—the main barrier to sperm penetra- 
tion. The different approaches of these micromanipu- 
lation procedures include (i) the creation of an opening 
in the zona pellucida to facilitate sperm passage, 
(ii) direct placement of a few sperm under the zona 
pellucida, and (iii) the microinjection of a single sperm 
directly into the ooplasm. The first two approaches 
rely solely on the ability of the sperm to bind to and 
fuse with the oolemma. On the other hand, microinjec- 
tion of a single sperm directly into the ooplasm obvi- 
ates the need for sperm-—oocyte fusion. These 
procedures are performed by a clinical embryologist 
using the micromanipulation system (Fig. 1 and B). 


Zona Pellucida Dissection 


The thickness of the zona pellucida appears to affect 
sperm penetration and thus fertilization rate (FR) (12); 
however, micromanipulation of the zona pellucida 
alone is not efficient in enhancing assisted reproduc- 
tion. Nevertheless, it marks the beginning of an evolu- 
tion and development of more clinically efficient 
assisted reproductive techniques. 


Zona Drilling 


Zona drilling involves the use of an acidic solution to 
dissolve the zona pellucida so that a gap can be created 
within the zona. This allows sperm to swim into the 
perivitelline space (PVS) of an oocyte so that normal 
sperm-—oocyte interaction can occur. Gordon and 
Talansky (13) successfully developed this technique 
in the mouse in the hopes that similar results could 
be obtained when applied to clinical IVF for patients 
with reduced sperm count. Although fertilization 
was frequently achieved, embryonic development 
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was generally abnormal. Replacement of zona-drilled 
embryos did not result in pregnancies (14-16) except 
for only one early miscarriage (17). The failure of this 
technique appears to be related to the exposure of the 
oocyte to acidic conditions, which, possibly, could 
disrupt the capacity of the oocyte to complete the mei- 
otic division (15) and also alter the morphology of the 
microvilli present on the oolemma (18), which are 
important for sperm-—oocyte interaction. Furthermore, 
zona drilling also causes a significant drop in intracellu- 
lar pH, which could disrupt the integrity of the oocyte, 
leading to cytoplasmic degeneration and death (19). 


Partial Zona Dissection 


PZD was developed to overcome the shortcomings of 
zona drilling. A gap is mechanically created in the zona 
pellucida by using a glass microneedle to pierce 
through one side of the zona pellucida at the one o’clock 
position and out through the zona at the 11 o’clock 
position (20). The oocyte is then released from the hold- 
ing pipette that is used to abrade the zona until the 
oocyte drops off the microneedle, and a slit is made in 
the zona. Sucrose solution is used to shrink the oocyte 
so that the microneedle can be introduced into the PVS 
without damaging the oocyte. The morphology of the 
oocyte is restored by exposure to a medium with 
normal osmolarity, and then the oocyte is inseminated. 
This procedure was responsible for achieving the first 
human pregnancy via assisted fertilization by a micro- 
manipulation technique (1). 

Although PZD enhances fertilization of oligo- 
zoospermic men, there is no significant improvement 
in fertilization with normal sperm parameters. 
Polyspermic FRs of 5% to 15% for patients with 
abnormal sperm parameters (21-23) and 36% to 57% 
for normozoospermic patients (20,23,24) have been 
reported; however, severely reduced sperm concen- 
trations and the presence of sperm defects (20,21,24,25) 
can result in the failure of sperm to traverse the slit in 
the zona pellucida and thus limit the success of PZD 
(22). Undesirable consequences of PZD include mono- 
zygotic twinning (26) and problems with variable gap 
size created by the piercing needle. The latter can 
cause strangulation of embryos during hatching when 
the opening is too narrow; an overlarge gap could 
cause polyspermy and the partial or complete loss of 
embryos during intrauterine replacement (27). Loss of 
trophoblastic tissue (28) can also occur. 


Laser Zona Cutting 


Laser has been considered as a superior alternative 
because of its ability to create precisely sized gaps. A 
variety of lasers have been proposed, including contact 
(optic fiber) and noncontact (objective lens). The zona 
is photoablated to create a 20 um hole, and the oocyte 
is inseminated. Few pregnancies have been achieved 
with this technology (29,30); however, the application 
of this technique in assisted fertilization has been 
superceded by the successful application of ICSI. 


Limitations of Zona-Opening Procedures 


The major limitation of conventional (non-laser) zona- 
opening procedures is their inability to produce stan- 
dardized and uniform gaps. In acid zona drilling, the 
size of the hole is determined by the size of the dis- 
pensing micropipette, the spread of the acidic medium 
upon dispensing, and the distance between the zona 
pellucida and the micropipette. In PZD, the size of the 
piercing micropipette and the degree of shearing forces 
induced by the operator through the micropipette 
determine the dimension of the slit in the zona pellu- 
cida. Simon et al. (31) have demonstrated that the aver- 
age slit after PZD is rectangular, 10 to 20 um in length, 
and 2 to 5 um in width. Therefore, the likelihood of 
increasing polyspermic fertilization or extrusion of the 
oocyte from the zona pellucida remains with these 
zona-opening procedures. 


Subzonal Injection of Sperm 


Although fertilization of human oocytes was achieved 
by microinjecting sperm under the zona pellucida (32), 
the first success of this technique in a mammalian 
model was achieved by Mann (33) when a few capaci- 
tated mouse sperm were inserted under the zona pel- 
lucida of mouse oocytes, resulting in live birth. 
Subsequently, Ng et al. (2) reported the first human 
pregnancy using a modified technique. The successful 
fertilization of the ovum by placement of a few motile 
sperm within the PVS demonstrated for the first time 
that (i) the zona pellucida of the human oocyte can be 
penetrated with a microinjection pipette without dam- 
aging the oocyte, (ii) although a few motile sperm are 
placed within the PVS, monospermic fertilization can 
occur, and (iii) the rate of polyspermic fertilization is 
similar to both PZD and IVF. Many acronyms have 
been given to this technique, such as microinjection 
sperm transfer, sub-zonal insertion, and SUZI (sub- 
zonal insemination); however, SUZI is the most com- 
monly used acronym. SUZI was initially applied in 
cases of severe oligozoospermia and previous failed 
IVF cycles, but was later found to be beneficial in those 
cases with defective sperm penetration of the zona 
pellucida. 

Only acrosome-reacted sperm can fuse with the 
oolemma. FR was shown to increase linearly between 
one and three injected sperm, but above that, the FR 
plateaued around 25%. Polyspermic fertilization was 
also found to correlate with the number of sperm 
injected and usually did not exceed 5%. The capacity 
of the sperm to fuse with the oolemma was found to 
be dependent upon semen characteristics and sperm 
morphology (34). Differences in patient selection 
sperm preparation, and the skill of the technician are 
some of the factors that influence the success of SUZI. 
Compared with ICSI, SUZI is associated with lower 
monospermic FRs of 49.4% and 17.7%, respectively; 
however, more embryos were typically available for 
transfer using ICSI than SUZI (83.3% and 39.3%, 
respectively) and consequently, the pregnancy rate 
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per oocyte retrieval was higher with ICSI than with 
SUZI (25% and 10.3%, respectively). Artificially 
induced acrosome reactions did not significantly 
increase the FR for SUZI (22% and 11% for monosper- 
mic and polyspermic fertilization, respectively) when 
compared with non-stimulated sperm (18% and 8%, 
respectively) (35). Thus, the above-mentioned results 
suggest that SUZI is not as efficient as ICSI in treating 
cases with severe male infertility. 


Intracytoplasmic Sperm Injection 


Early work in the direct injection of a single sperm 
into an oocyte was performed in both heterospecific 
and homospecific mammalian systems. During this 
early work, sperm nuclear decondensation and male 
pronuclear formation have been achieved, but the pro- 
cedure often resulted in severe damage to the oocytes. 
In 1992, Palermo et al. (3) reported the first human 
pregnancy by direct injection of a single spermato- 
zoon into the ooplasm. Although there was initial 
skepticism, ICSI has now evolved as the most effective 
treatment for severe oligoasthenoteratozoospermia, 
with many IVF centers reporting significant improve- 
ments in pregnancy and live birth rates. Generally, 
embryos obtained with ICSI have a lower potential 
to develop into blastocysts as compared with IVF 


(A) 


(C) 


embryos; however, recent studies have indicated that 
there are no differences in the embryo development 
and blastocyst formation, irrespective of either ICSI or 
IVF (36-38). The timing of sperm injection does not 
significantly affect the survival and FRs of the oocytes 
and embryo quality (39), but higher numbers of good 
quality embryos can be obtained when ICSI is per- 
formed between one hour and nine hours after oocyte 
recovery (40). 


Membrane Breakage 


The ICSI technique (Fig. 2A-C) performed by most 
centers requires that the oolemma be broken at the 
point of injection before the sperm is delivered into 
the ooplasm (41-46). Palermo et al. (43) described 
three types of membrane breakage: normal, interme- 
diate, and difficult. Normal membrane breakage 
refers to the rupture of an invagination that is created 
by passage of the injection needle into the oocyte. 
Intermediate and difficult breakage of the oolemma 
without creating a funnel and/or oolemma that 
breaks after several penetration attempts can affect 
subsequent embryonic development to the blastocyst 
stage (37,38). Joris et al. (45) described different 
patterns of membrane breakage to overcome this 
problem. 


(B) | 


Figure 2 (See color insert.) Intracytoplasmic sperm injection: (A) 
Placement of immobilized sperm at tip of injection micropipette. Injection 
of sperm into the oocyte is performed at 3 o'clock in relation to the 
position of the first polar body. (B) The oolemma has been broken by 
aspiration of ooplasm into the injection micropipette. The immobilized 
sperm is then deposited into the oocyte. (C) Sperm is deposited into the 
oocyte. Notice the invagination as the injection micropipette withdraws. 
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Figure 3 A mature oocyte as viewed by polarized microscopy 
(PolScope). A reflective meiotic spindle is clearly visible. 


Aspiration of Ooplasm 


Intimate contact of injected sperm with the ooplasm 
within the ovum is necessary for the formation of the 
male pronucleus (47,48). Ooplasmic aspiration is an 
integral part of the ICSI technique as it ensures that 
the sperm is in the oocyte and in intimate contact with 
the ooplasm. Ooplasmic aspiration is also thought to 


(A) 


(C) 


(B) 


(D) 


trigger the initial steps in inducing activation of the 
oocyte via an artificial calcium influx generated by 
ICSI (49,50). The actual aspiration of the ooplasm into 
the needle to induce breakage is a delicate technical 
matter. Gentle handling of the ooplasmic aspiration 
within the needle results in higher survival rates of the 
oocytes and better embryo quality (38,44,46). 

Recently, polarized microscopy has been used to 
identify the location of the meiotic spindle so as to 
avoid it being damaged by ICSI (Fig. 3). 


Immobilization of Sperm 


Immobilization of motile sperm prior to ICSI by crush- 
ing the tail (Fig. 4A-D) and avoiding damage to the 
mid-piece with the needle is a mandatory part of the 
ICSI technique, even with totally nonmotile spermato- 
zoa (44,51,52). The method of sperm immobilization is 
important for the rapid release of sperm factors that 
initiate oocyte activation. Differences in sperm immo- 
bilization methods may affect the timing of initial 
Ca% oscillations and FR, but rates of cleavage and 
pregnancy were not significantly different (53). 
Immobilization of a spermatozoon induces permeabi- 
lization of the sperm membrane, which may result in 
the release of a cytosolic factor(s) that diffuses into the 
ooplasm with subsequent intracellular Ca% oscilla- 
tions and hyperpolarization of the oocyte (54,55). 
Ca% oscillations due to sperm-oocyte interaction 


Figure 4 (See color insert.) Immobilization of sperm: (A) A sperm is immobilized with crushing its tail with the injection micropipette. (B-D) 


Aspiration of immobilized sperm (tail-in) into the injection micropipette. 
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were observed at about five minutes after ICSI (53). 
The activation of the oocyte triggers a series of 
biochemical processes in the ooplasm that eventually 
lead to sperm nuclear decondensation (47,48), second 
polar body extrusion, pronuclear formation, and 
exocytosis (56,57). Injection of this sperm cytosolic 
factor was shown to cause embryonic development 
up to at least the blastocyst stage in a mouse experi- 
mental model (58). The components of the sperm 
cytosolic factor have been shown to be heat-sensitive 
proteins, and are only effective when injected into 
the ooplasm (42,50,56,57,59,60). Full mammalian 
oocyte activation is initiated by the coordinated action 
of one or more heat-sensitive protein constituents of 
the peri-nuclear matrix and at least one heat-stable 
sub-membrane component of sperm-borne oocyte- 
activating factors (60,61). 


Features of ICSI that Are Different from IVF and 
Fertilization In Vitro 


The technique of ICSI bypasses many physiological 
barriers and/or processes that occur in IVF and natu- 
ral insemination, for which sperm selection is an 
important process in fertilization. Only spermatozoa 
with progressive motility and generally normal mor- 
phology can penetrate a thick layer of cumulus cells 
and the zona pellucida. During this process, two major 
events—capacitation and the acrosome reaction— 
occur (62). Capacitation induces hyperactivity of the 
spermatozoon and, along with the release of an enzyme 
acrosin (acrosome reaction), that enables the spermato- 
zoon to burrow through the zona pellucida to reach 
the oolemma (63,64). The spermatozoon aligns the 
equatorial region of its head with the oolemma so that 
both are in intimate contact with each other and fusion 
of their membranes follows (65). During sperm—oocyte 
fusion, an exchange of factors occurs: (i) the release of 
sperm cytosolic factors into the oocyte, which triggers 
a cascade of biochemical reactions characterized by 
Ca% oscillations and resulting in oocyte activation (54) 
and (ii) gradual entry of histones present in the ooplasm 
into the sperm head to replace protamines that eventu- 
ally dissociate the disulphide bonds that are tightly 
bound to the sperm chromatin (48). Additionally, the 
spermatozoon introduces the centriole attached to its 
neck (66-69) that contributes to the first mitotic spindle 
of the fertilized zygote. Spermatozoon entry into the 
oocyte is completed by phagocytosis. Fertilization then 
culminates in the formation of a male and a female 
pronuclei within the oocyte with the extrusion of the 
second polar body. 

In IVF and natural insemination, only spermato- 
zoa that have undergone the acrosome reaction are 
capable of penetrating the zona pellucida and fusing 
with the oolemma (70,71). The events leading to fertil- 
ization differ in ICSI, from the IVF and natural insemi- 
nation in that sperm capacitation and acrosome 
reaction are not essential. In ICSI, spermatozoa are 
exposed to a viscous medium containing 10% (v/v) 


Figure 5 (See color insert.) An oocyte retrieved by ovum pick-up 
(OPU). The oocyte is surrounded by hundreds of nurturing cumulus 
cells that are removed by hyaluronidase to assess its maturity stage 
(germinal vesicle, metaphase I, or metaphase II) and for ICSI. 


polyvinylpyrrolidone (PVP) to slow down their motil- 
ity. A spermatozoon is selected by an embryologist on 
the basis of its motility and morphology. Then, immo- 
bilized by the crushing of its flagellum with a glass 
microinjection needle, aspirated into the needle and 
then finally injected into the ooplasm. Once the sper- 
matozoon is deposited in the ooplasm, there is passive 
diffusion of sperm cytosolic factors from the site of the 
injured flagellum during the sperm nucleus swelling 
phase (72). These factors trigger a cascade of biochemi- 
cal reactions that release intracellular Ca** from inter- 
nal stores within the oocyte; these reactions are 
characterized by a series of Ca?* oscillations (73). 
During this process, the oocyte is activated, pronuclear 
formation of the male and female gametes begins, and 
the extrusion of the second polar body follows (74,75). 

Prior to the actual sperm injection, the oocyte is 
also handled in several steps. The freshly recovered 
oocyte surrounded by numerous cumulus cells (Fig. 5) 
is exposed in a medium containing hyaluronidase that 
facilitates the detachment of the cumulus cells from the 
zona pellucida. The oocyte is also manually handled 
with glass pipettes of variable sizes to hasten the pro- 
cess of denudation until an almost naked oocyte is 
obtained (Fig. 6). 

During ICSI, the oocyte undergoes a series of 
unnatural events: the oocyte is penetrated by the 
microinjection needle, which causes a significant defor- 
mation resulting in a shape change from a sphere to a 
biconcave disk, and some of the ooplasm is aspirated 
into the microinjection needle to facilitate breakage of 
the oolemma. There is also regional homogenization of 
the ooplasm with the medium and PVP within the 
needle. The mixture, including the spermatozoon, is 
then deposited into the oocyte. The introduction of 
extracellular chemicals into the oocyte may alter the 
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Figure 6 (See color insert.) Human oocyte. A mature oocyte at 
metaphase II stage, partially denuded of its cumulus cells. 


intracellular pH and affect some physiological pro- 
cesses within the oocyte. The introduction of a sperma- 
tozoon that usually has not undergone an acrosome 
reaction further poses an additional burden to the 
oocyte. Nonetheless, the oocyte is able to neutralize the 
acrosomal enzymes, but their ultimate fates are still 
not established (76). The damage to the oolemma due 
to penetration by the microinjection needle also 
requires a period of healing for the membrane (75). 
These events do not happen in IVF or natural insemi- 
nation where the entry of the spermatozoon into the 
oocyte is by sperm-—oocyte fusion. Furthermore, only 
spermatozoa that have undergone acrosome reaction 
are capable of penetrating the zona pellucida and 
fusing with the oolemma (70,71). The stages of in vitro 
development of the human preimplantation embryos 
are shown in Figure 7. Assisted hatching of embryos is 
sometimes performed to improve implantation (Fig. 8). 


Outcome of ICSI 


Since the birth of the first ICSI baby in 1992, ICSI has 
become established as the most effective treatment for 
severe male-factor infertility. The use of ICSI has been 
extended to epididymal and testicular sperm and sper- 
matids. The results from IVF centers vary with the 
level of competency of the embryologists. Nevertheless, 
the European Society of Human Reproduction and 
Embryology has established an ICSI Task Force to 
collect, annually, the clinical results obtained from par- 
ticipating IVF centers around the world, the outcome 
of pregnancy, and the follow-up of children conceived 
by ICSI. Tarlatzis and Bili (77) have reported results of 
one such survey collected from various IVF centers 
worldwide over a period of three years (1993-1995). 
During this period, the number of IVF centers perform- 
ing ICSI increased from 35 to 101, and the total number 
of ICSI cycles performed per year increased from 3157 


to 23,932. The incidence of damaged oocytes was low 
(<10%) and FRs obtained from ICSI with ejaculated, 
epididymal, and testicular sperm were 64%, 62.5%, 
and 52%, respectively. Consequently, about 90% of the 
couples had an embryo transfer resulting in viable 
pregnancy rates of 21% for ejaculated, 22% for epididy- 
mal, and 19% for testicular spermatozoa. Over 25% of 
these pregnancies, however, were mostly twin preg- 
nancies. The etiology of azoospermia either obstruc- 
tive (congenital or acquired) or nonobstrutive did not 
significantly influence the results of ICSI. In another 
survey, Nygren and Andersen (78) reviewed the 
results of IVF and ICSI from data collected from treat- 
ments initiated during 1997 in 18 European countries. 
ICSI and IVF shared similar clinical pregnancy rates 
per transfer and delivery rates per embryo transfer of 
26% and 21%, respectively. Total multiple delivery 
rates for IVF and ICSI were 29.6% and 28.2%, respec- 
tively, with twin deliveries being the majority. It is 
noteworthy that the results thus far have indicated 
that both IVF and ICSI are effective in treating male- 
factor infertility, but IVF is limited by severe sperm 
parameters that can mostly be overcome by ICSI. As 
in other assisted reproductive techniques, the female 
age has an influential effect on the success rates of 
ICSI (79-86). 

Loft et al. (87) reported a Danish national cohort 
study that included all clinical pregnancies with ICSI 
between January 1994 and July 1997 at five public and 
eight private fertility clinics. Laboratory and clinical 
data were obtained from the fertility clinics. Male- 
factor infertility was the main reason for performing 
ICSI in the majority of the couples who responded to a 
questionnaire on the pregnancy and health of the child. 
In this study, six cases with major chromosomal abnor- 
malities (2.9%) were found in all interrupted or intra- 
uterine deaths with a gestational age <24 weeks, 
including triploidy, unbalanced t(17;22), trisomies 
13, 18, and 21, and one case (0.5%) of inherited struc- 
tural aberrations, t(9;22)pat. Minor birth defects such 
as congenital hip luxation, ranula, pilonidal cyst, 
short tongue frenulum, and syndactyly were found in 
nine children (1.2%). Unlike the results reported by 
Bonduelle et al. (88), there were no sex chromosome 
aberrations reported in this study. 

In another report on children born after ICSI, 
Wennerholm et al. (89) reported the incidence of con- 
genital malformations in a complete cohort of 
Swedish children. In this study, medical records were 
retrieved for 736 singletons, 200 sets of twins, and 
one set of triplets. A total of 87 infants (7.6%) had an 
identified congenital anomaly, including 40 infants 
with minor malformations. Based on the odds ratio 
(OR) analysis, the study found that for children born 
through ICSI, the increased rate of congenital malfor- 
mations was mainly due to a high rate of multiple 
births. When delivery hospital, year of birth, and 
maternal age were matched, the OR for having a 
major or minor malformation was 1.75 [95% confi- 
dence interval (CI) 1.19-2.58]; the OR was reduced to 
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1.19 (95% CI 0.79-1.81) when adjustment was 
also done for singletons and twins. Interestingly, 
however, the study found that male children con- 
ceived by ICSI have a relative risk of acquiring hypo- 
spadia, which may be related to paternal subfertility 
(OR=3.0; 95% CI 1.09-6.50). 

Aytoz et al. (90) investigated the obstetric out- 
come of pregnancies achieved after the transfer of 
cryopreserved or fresh embryos, in which the initial 
procedure was standard IVF and ICSI. The authors 
concluded that the cryopreservation process had no 
negative impact on the outcome of pregnancies over 
20 weeks of gestation when the frequencies of preterm 
deliveries, infants with very low birthweight, intra- 
uterine deaths, and major malformation rates were 


Figure 7 (See color insert.) Stages of human preimplantaton embryo development in 
vitro: (A) Day 1: A zygote (pronuclear stage). An oocyte fertilized by ICSI showing a male 
and a female pronuclei with the extrusion of the second polar body and the fragmented 
first polar body. (B) Day 2: A 4-cell embryo. (C) Day 3: An 8-cell embryo. (D) Day 4: A 
morula. (E) Day 5: A fully expanded blastocyst. 


compared between pregnancies resulting from trans- 
fer of fresh IVF and ICSI embryos and pregnancies 
resulting from the transfer of frozen IVF and ICSI 
embryos. The authors cautioned, however, that 
long-term follow-up studies are needed in order to 
prove the safety of the freezing-thawing process. 


Should ICSI Be Done for All Cases? 


ICSI has resulted in a dramatic improvement of FRs, 
especially in cases of severe oligoteratoasthenozoo- 
spermia; however, there have been contrasting reports 
on the implantation potential of ICSI-derived and IVF- 
derived embryos. Oehninger et al. (91) compared the 
implantation potential of embryos in patients with 
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Figure 8 (See color insert.) Assisted hatching of an 8-cell human 
embryo. Acidic Tyrode medium is used to thin the zona pellucida to 
assist hatching and implantation. 


severe teratozoospermia who were treated by either 
IVF with high insemination concentration (HIC) or 
ICSI. The authors found that IVF-HIC resulted in 
higher FRs than did ICSI, but a significantly higher 
proportion of good quality ICSI-derived embryos with 
a tendency toward a higher implantation potential 
were available for replacement. On the other hand, 
Hsu et al. (92) found that IVF-derived embryos had 
better cleavage rates and were morphologically supe- 
rior to ICSI-derived embryos. Yet, the implantation 
potential of both IVF-derived and ICSI-derived 
embryos was similar when pregnancy and abortion 
rates were adjusted by age and number of embryos 
replaced. Recently, a few other studies have indicated 
that male factors can significantly influence embryo 
quality and implantation. Lundin et al. (93) found that 
abortion rates in ICSI from teratozoospermic patients 
were 31%, increasing to 67% when additional sperm 
factors were present. Furthermore, the development of 
embryos to blastocysts is compromised by unfavorable 
sperm morphology and motility (94). Defects in the 
sperm centrosome that result in numerical chromo- 
somal abnormalities in embryos, loose packaging of 
sperm chromatin, and DNA strand breaks can also 
cause implantation failure (95-98) due to developmen- 
tal arrest of the embryos. 

A debate that still has no clear answer is whether 
ICSI should be performed for all cases of male-factor 
infertility. The success of conventional IVF is limited 
mainly by the quality of the spermatozoa (99,100), 
whereas sperm viability seems to be the limiting factor 
for ICSI (44). Fishel et al. (101) reported on different 
clinical scenarios of in vitro conception i.e., fertiliza- 
tion with conventional IVF, IVF—-HIC, and ICSI among 
sibling oocytes. In their study, poor sperm factors and 
unexplained infertility did not have a negative impact 
on the outcome of ICSI with the partner’s spermato- 
zoa. In fact, the FR was found to be significantly higher 
in ICSI with partner’s spermatozoa as compared 
with IVF or IVF with HIC with donor spermatozoa. 
Moreover, the study also found that ICSI improved the 
overall results of IVF in cases of oocytes that failed to 


fertilize with conventional IVF in previous cycles. The 
overall conclusion reached by the authors was that 
ICSI as a first option offers a higher incidence of fertil- 
ization, maximizes the number of embryos, and mini- 
mizes the risk of complete failure of fertilization for all 
cases requiring in vitro conception. Concerns regard- 
ing the possible risks of transmission of genetic muta- 
tions (102-104) and the safety of the ICSI procedure 
(37,94), however, do not warrant the use of this proce- 
dure in the treatment of all cases of infertility. 


Intracytoplasmic Injection of Immature 
Sperm Cells 
Epididymal Sperm Injection 


A great majority of mammalian spermatozoa attain 
their full fertilizing potential during their transit 
through the epididymis (105,106). Capacitation and 
acrosome reaction can only occur, however, when the 
spermatozoa leave the epididymis and reside in the 
female genital tract for some period of time (106,107). 
Successful pregnancies have been achieved when epi- 
didymal spermatozoa were artificially inseminated in 
a few mammalian species (108-114) including man 
(115). Epididymal spermatozoa were also capable of 
fertilizing oocytes (115-117), but pregnancy rates were 
significantly lower, particularly in human IVF (118) 
because of senescence and/or immaturity of the sperm 
(119) and the presence of sperm antibodies in men with 
obstructive azoospermia (120). In these cases, ICSI is 
the only effective treatment available at present for 
men with severe male-factor infertility. 

There are two approaches to the surgical retrieval 
of epididymal sperm. These include microsurgical epi- 
didymal sperm aspiration (MESA) and percutaneous 
epididymal sperm aspiration (PESA). MESA is inva- 
sive and requires general anesthesia. The number of 
sperm retrieved is high so that cryopreservation is 
possible. PESA only requires local anesthesia, and 
cryopreservation is possible even though the yield of 
sperm may be lower (121). Although first pregnancies 
achieved through MESA-IVF have been described, 
initial attempts to perform IVF with epididymal sperm 
retrieved from men with obstructive azoospermia 
showed limited results owing to poor sperm quality 
after retrieval (115,117,122,123). Combining ICSI with 
epididymal sperm has improved fertilization and 
pregnancy rates to be equivalent to those achieved 
with ejaculated sperm (124-127). The ICSI procedure 
does not have stringent requirements for sperm qual- 
ity in terms of sperm number, motility and morphol- 
ogy to achieve pregnancies. As long as the sperm is 
viable, fertilization and pregnancy can occur. Various 
studies have shown that there were no differences in 
the ICSI outcome when either fresh or frozen-thawed 
epididymal sperm were used (121,127-135). Sperm 
aspiration can be carried out at any given time to mini- 
mize the inconvenience associated with sperm retrieval 
performed concurrently with ovulation induction 
(129,136). Also, epididymal samples can be collected 
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and frozen during a diagnostic procedure or during a 
vasectomy reversal operation (121). 


Testicular Sperm Injection 


Testicular sperm extraction (TESE) in combination 
with ICSI is a therapeutic technique for men with non- 
obstructive azoospermia since mature testicular sper- 
matozoa could be found in these men (137-139), and 
successful pregnancies can be achieved (140). Surgical 
sperm recovery from men with nonobstructive 
azoospermia has become a routine part of clinical 
infertility treatment and as with the epididymis, cryo- 
preservation of testicular spermatozoa has also become 
routine (141). Although global spermatogenic function 
is severely impaired, most of these azoospermic men 
have focal areas of spermatogenesis within the testes 
(142). TESE involves biopsy of the testis and allows iso- 
lation of spermatozoa from the focal areas of spermato- 
genesis for use with ICSI (143). Azoospermic men who 
have only minute foci of active spermatogenesis from 
which a very few number of spermatozoa can be 
extracted would require more testicular biopsies. Open 
biopsies, or biopsy gun samples, are preferred to fine 
needle aspiration in order to maximize the chances of 
finding these rare foci of active spermatogenesis. 
Multiple testicular biopsies, however, increase the 
risk of blood supply interruption (144), postsampling 
fibrosis or autoimmune response (145), and testicular 
atrophy (142). 


Round Spermatid Injection and Elongating 
Spermatid Injection 


In approximately 40% of azoospermic men with ger- 
minal failure, spermatozoa cannot be recovered, even 
if a few foci of complete spermatogenesis exist (146). 
Therefore, spermatids are the only germ cells that can 
be retrieved from a testicular biopsy or the ejaculate 
(147,148). The injection of round spermatid nuclei was 
first attempted in hamster and mouse oocytes (149,150), 
and subsequently resulted in the live birth in mice 
from round spermatid injection (ROSI) (151). Only four 
spermatid-derived live and apparently normal mice, 
however, were born after injections of 475 oocytes 
(<1% live birth rate). These preliminary results led 
other investigators to attempt spermatid injection in 
human oocytes; a late-stage spermatid was injected 
into an oocyte, which resulted in normal fertilization 
(152). Subsequently, the first human pregnancies from 
spermatid injection using round spermatids (Fig. 9) 
found in the spermatozoa-deficient ejaculate (153) and 
elongated spermatids (Fig. 10) from seminiferous 
tubules (154) were reported. Since then, successes with 
spermatid injections have been reported by a few 
Assisted Reproductive Technology (ART) clinics. The 
outcome of ROSI and elongating spermatid injection 
(ELSI) have been comprehensively reviewed by Aslam 
et al. (148). In 80 cycles performed by ROSI, 648 oocytes 
were injected, resulting in 203 fertilized oocytes 
(31.3%). Of these, 155 embryos were transferred 


Figure 9 (See color insert.) A testicular biopsy specimen 
showing immature sperm (TS), round spermatids (RS) and 
spermatocytes (SC). 


(76.3%), resulting in 10 clinical pregnancies and nine 
deliveries. Pregnancy rate per cycle and per embryo 
transfer were 12.5% and 13.3%, respectively, with an 
implantation rate of 6.5%. In ELSI, 55 cycles have been 
performed, from which 426 oocytes were injected, 
resulting in 245 fertilized oocytes (57.5%), 198 trans- 
ferred embryos (80.8%), 12 clinical pregnancies, and 11 
deliveries. Pregnancy rate per cycle and per embryo 
transfer were 21.8% each, with an implantation rate of 
6.1%. Despite a high pregnancy rate with ELSI, ROSI 
and ELSI have low implantation rates per embryo as 
compared with IVF or ICSI (148). This could be attrib- 
uted to poor embryo quality and slower cleavage rate, 
particularly in ROSI-derived embryos (155). In one 
study, blastocysts resulting from ROSI were of poor 
quality and spontaneous hatching was absent (156). 


Figure 10 (See color insert.) A testicular biopsy specimen 
showing an elongating spermatid (ELS) and an elongated 
spermatid (ES). 


Chapter 37: Micromanipulation of Male Gametes in the Treatment of the Subfertile Male 441 


The poor performance of ROSI could be improved 
when round spermatids were matured in vitro to elon- 
gated forms for microinjection (157). 

In another recent study, Ghazzawi et al. (158) 
reported the injection of testicular round spermatids 
from patients with complete failure of spermiogenesis 
compared with that of mature epididymal and testicu- 
lar spermatozoa. In this study, 180 azoospermic patients 
who had undergone a previous testicular biopsy were 
recruited into the ICSI program; 38 patients had pure 
obstructive azoospermia, while 142 patients had nonob- 
structive azoospermia. Mature spermatozoa were found 
in 93 patients, whereas spermatozoa were entirely 
absent, with a predominance of round spermatids, in 87 
patients. In about 60% of the oocytes that were injected 
with round spermatids, the presence of two pronuclei 
stage was observed at 10 to 12 hours post-ICSI. By com- 
parison, in oocytes that were injected with mature sper- 
matozoa, the two pronuclei stage appeared at 16 hours 
post-ICSI. The authors also found that ROSI produced 
fewer zygotes that subsequently resulted in fewer 
embryos available for replacement. Owing to the less 
than desirable quality of the ROSI-derived embryos, no 
pregnancy could be achieved; however, 18 pregnancies 
were achieved from the injection of mature spermato- 
zoa (pregnancy rate/cycle=20%). The authors con- 
cluded that ROSI from patients with complete failure of 
spermiogenesis resulted in a significantly lower FR and 
a higher developmental arrest compared with injection 
of mature spermatozoa. With no pregnancies achieved, 
the authors questioned the unusual variability of 
reported success rates and stressed the need for further 
research in order to improve the outcome of this novel 
technique. 

Clinical pregnancies obtained from ROSI and 
ELSI, have been reported. These pregnancies resulted 
in the births of 8 and 12 healthy babies, respectively, 
after ROSI and ELSI (153,154,159-168). Subsequently, 
Zech et al. (169) reported that from four pregnancies 
obtained after injection of elongated spermatids, 
two cases of major malformation resulted. These 
were a male fetus with trisomy 9 (47,XY,+9) with 
hydrocephalus, spina bifida, and diaphragmatocele 
and a boy with open lumbosacral myelomeningocele 
(Armold-Chiari Syndrome type IT) that had not been 
detected during the pregnancy. Although the relation- 
ship between these anomalies and ICSI with sperma- 
tids could not be established, serious concerns 
regarding the safety of this procedure remain. 


O GENETIC MUTATIONS IN MALE-FACTOR 
INFERTILITY 


The rapid advancement of molecular biology has pro- 
vided evidence that many diseases have a genetic 
basis. Likewise, many causes of infertility have been 
linked to genetic defects. The risk of transmitting a 
genetic defect to an offspring would depend on the inci- 
dence and frequency of the mutation in a population. 


Therefore, genetic abnormalities related to male infer- 
tility need to be considered in terms of being causative 
for male infertility and potentially transmissible to the 
offspring. A genetic evaluation on a male infertile 
patient is necessary so that information on the natural 
history, variation, and expression of a potential genetic 
defect can be obtained with the possibility of clarifying 
the pattern of inheritance. 

Detections of chromosome aberrations or genetic 
mutations have been reported in a small proportion of 
infertile couples treated with ICSI (170-176). Not all of 
the genetic defects, however, can be detected with cur- 
rently available techniques. Analysis of the recurrence 
pattern of infertility in infertile couples’ families could 
define the importance of heritable factors in the patho- 
genesis of human infertility. Meschede et al. (177) sub- 
jected 621 consecutive infertile couples treated with 
ICSI to a comprehensive genetic workup, including 
documentation of the family history, karyotyping, and 
various DNA tests; 1302 fertile couples served as con- 
trols. In this study, 6.4% of the infertile couples were 
shown to have a fertility problem with a definite 
genetic basis. Further, male fertility problems dis- 
played a distinct pattern of familial aggregation, and 
these, too, should be considered a potentially heritable 
condition. The authors conclude that the recurrence 
risk for infertility in the offspring of couples treated 
with ICSI could be substantial. 

Cytogenetic investigations review that in oligo- 
zoospermic men with sperm counts below 10x10° sper- 
matozoa/mL, the rate of chromosome aberrations is 
estimated to be 5% to 7%, with the percentage of cyto- 
genically abnormal cases increasing up to 10% to 15% 
in azoospermic men (178). Sex chromosome aneuploi- 
dies are also frequently found. In a recent study to 
determine the type and frequency of chromosome 
aberrations in infertile couples undergoing ICSI 
because of severe male infertility or fertilization fail- 
ures in previous IVF attempts, Peschka et al. (178) 
found that approximately 35% of the patients, includ- 
ing male and female partners, had chromosome abnor- 
malities. Abnormal karyotypes were found in 13% of 
the patients, including chromosome aberrations in 
combinations of different types of abnormalities: con- 
stitutional aberrations (4.4%), fragile sites of autosomes 
(3.0%), low-level mosaicism of sex chromosomes 
(4.0%), and secondary structural chromosome aberra- 
tions (4.2%). Single cell aberrations were detected in 
another 22% of these patients, but the significance of 
these is not known. Interestingly, sex chromosomal 
abnormalities in the female partner were found to be 
exceptionally high, ranging from 6% to over 50% 
(172,174,178). This implies that in some cases of male- 
factor infertility, a hidden female chromosome factor 
may be present that cannot be identified by standard 
clinical evaluation. Therefore, chromosomal analysis 
and genetic counseling should be recommended to 
both partners prior to ICSI. 

There are at least three nuclear DNA mutations 
that have an effect on spermatogenesis: mutations in 
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the androgen receptor (AR) gene on the X chromosome, 
mutations in the Azoospermia factor (AZF) gene on the Y 
chromosome, and mutations in the cystic fibrosis (CF) 
gene on chromosome 7 in the presence of congenital 
bilateral absence of the vas deferens (CBAVD)—all have 
a significant effect on sperm production and fertility. 


Androgen Receptor Gene Mutation 


Androgens are essential for normal sperm production, 
and decreasing intratesticular androgens results in 
defective spermatogenesis (179). All androgens act 
through the AR that is encoded by a single copy gene 
located on the X chromosome and contains, in exon 1, 
a polymorphic glutamine (CAG) tract (180) that varies 
in length between individuals, with a normal range of 
11 to 31 repeat units (181,182). Mutations in the AR 
gene are known to lead to androgen resistance or insen- 
sitivity that would compromise the process of sper- 
matogenesis, resulting in azoospermia or severe 
oligospermia in men. Tut et al. (183) have shown that 
long polymorphic CAG tracts can increase the risk of 
defective spermatogenesis due to decreased transacti- 
vation capacity of the AR protein. In other words, 
infertile men with a CAG expansion of more than 28 in 
their AR would have a four-fold increased risk of defec- 
tive spermatogenesis when compared to fertile con- 
trols. Approximately 25% of azoospermic men in fact 
have long CAG expansions of the AR gene, indicating 
a reduction in androgen sensitivity (184). Yet, most of 
the affected men have spermatozoa in their testes and 
many are able to have their genetic offspring with ICSI. 
Based on the Mendelian pattern of inheritance, the 
male offspring in the first generation would not be 
affected, but the AR mutation would be vertically 
transmitted to the female offspring. As carriers of 
the mutation, 50% of their sons would be expected to 
suffer from X-chromosomally determined infertility. 
Therefore, one could expect, over generations, a very 
slight increase in the frequency of male infertility. 


Y Chromosome Microdeletions 


There are a large number of genes on the Y chromo- 
some that are known to play a role in male germ cell 
development. These genes are found within the AZF 
gene locus, which is located on the Yq11 region along 
the long arm (q) of the Y chromosome (185-192). Major 
deletions on the Yq can be detected in some azoosper- 
mic men in routine cytogenetic screening (193). About 
10% of azoospermic men with unknown causes for 
their infertility will have microdeletions in the Y chro- 
mosome. These microdeletions can be detected by 
sequence-tagged sites (STSs) using the technique of 
polymerase chain reaction (PCR). Deletions of genes 
along Yq11 could result in complete lack of sperm cells 
or Sertoli-cell-only syndrome (SCOS), or oligospermia 
(189). In the case of the complete absence of sperm 
cells, ICSI is not possible. On the other hand, when 
sperm cells are available either in the ejaculate or in the 


testes, it is possible to perform ICSI. In this case, all the 
sons of these patients would be expected to have defec- 
tive spermatogenesis. Therefore, the importance of 
microdeletions on Yq11 for male infertility, with 
respect to ICSI, depends on how often such micro- 
deletions are found in patients with either severe 
oligospermia or azoospermia. The incidence of micro- 
deletions is two times higher in azoospermic than 
severely oligospermic men (194). It is possible, with 
the availability of the STS-PCR technique, to analyze 
for the presence of microdeletions, and thus inform 
potential ICSI couples about possible infertility in a 
future male child. It is important to note that men with 
AZF microdeletions in Yq11 are perfectly healthy, 
despite having fertility disorders. Therefore, these 
couples should not be denied the conception of a child 
by ICSI. Their healthy sons can themselves fulfill a 
possible desire for children through the use of ICSI. 
Any daughters, and their children, would be expected 
to be fertile. Although there is a cause-and-effect rela- 
tionship between microdeletions and male infertility, 
the precise role of these microdeletions in male infertil- 
ity is still not absolutely clear (195). 


Cystic Fibrosis 


CF is a fatal autosomal recessive disorder that mainly 
manifests as a dysfunction of the pancreas and results 
in an increased propensity to respiratory tract infec- 
tions. From a molecular point of view, the disease is 
caused by mutations in the structure of the cystic fibrosis 
transmembrane conductance regulator (CFTR) gene (196— 
198) and is mapped to the long arm of chromosome 7 
(7q31.2) (196,197). As the name implies, the CFTR gene 
codes for a protein that functions as a transmembrane 
channel for chloride ions (199). This protein is present 
at high levels in the apical membranes of various 
epithelial cells within the organs commonly affected by 
CF. Typical CF is one of the most common diseases 
of Caucasians, affecting approximately 1 in 2500 new- 
borns (200); 1 in 25 are carriers of gene mutations 
involving the CFTR gene (201). Atypical CF is often 
expressed as monosymptomatic forms of the disease 
and has underlying molecular pathology. There are at 
least 800 different mutations and 70 DNA sequence 
variants have been identified in the CFTR gene (202). 
Perhaps the most frequent atypical form of CF is 
CBAVD, affecting about 25% of male patients with obs- 
tructive azoospermia (203) and 2% of all male patients 
(204). There is a very strong association between CF 
and CBAVD since CBAVD is found in a large cohort of 
men with mutations in the CFTR gene (205-214). It is 
estimated that the frequency of mutated CFTR genes in 
men with infertility due to CBAVD is twenty times 
higher than the carrier frequency detected in the general 
population (203). The malformation of the vas deferens 
is caused by a complex interplay between different 
mutations and/or intronic polymorphisms in the CFTR 
gene. The most common mutations found among 
the CBAVD patients are: AF508, R117H, R1070W, and 
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IVS8-5T. Mutations in the CFTR gene result in absent or 
severe reduction in the activity of CFTR protein in these 
men, causing an imbalance in ionic exchange and fluid 
content within the lumen of the epididymis. Con- 
sequently, the unfavorable environment can cause fur- 
ther reduction in CFTR activity, leading to a progressive 
sloughing of the epithelial lining of the lumen of the 
epididymis and vas deferens. This, in turn, leads to 
impediment of sperm passage from the testis or epidid- 
ymis to the outer genital tract (215). CFTR gene muta- 
tions are the molecular cause for a variety of 
different forms of male infertility due to obstructive 
azoospermia, ranging from CBVAD to isolated abnor- 
malities of epididymides or ejaculatory ducts (210,211). 
CBAVD is mostly but not always, caused by CFTR gene 
mutations (207); however, it has been found that CFTR 
gene mutations do not play a significant role in primary 
spermatogenic failure (207,210,216-218). Testicular 
biopsies of men with CF have shown hypospermato- 
genesis and highly abnormal spermatozoa (219-223). 
On the other hand, testicular histological findings in 
men with CBAVD showed completely normal sper- 
matogenesis (224,225). Instead, the spermatogenic 
failure in men with CF may be the result of malnutri- 
tion (219), but a minor pathological effect on spermato- 
genesis or sperm maturation is still possible (205,226). 
Clinically, azoospermia, reduced sperm volume with 
abnormal sperm forms, increased acidity in semen, and 
absent or low concentrations of fructose in the ejaculate 
are some of the abnormal semen parameters identified 
in men with CF (219,220,222,226,227). In addition to 
these parameters, aplasia, hypoplasia or cystic dilata- 
tion, and the absence of the ejaculatory ducts are com- 
monly found in the CF men (228). 

Male infertility due to CBAVD can be treated 
with microsurgical epididymal sperm aspiration 
(MESA), testicular sperm aspiration (TESA), or testicu- 
lar sperm extraction (TESE) and subsequent ICSI (124). 
Men who are affected by CBAVD, but not by CF, have 
a high penetrance (60%) of heterozygous mutations in 
the CFTR gene (206). Therefore, every couple in which 
the man suffers from CF-related infertility should 
undergo genetic counseling and both partners should 
be tested for the presence of mutations in the CFTR 
gene prior to ICSI. The couples should be made aware 
of the specific risk of CF in their offspring and the 
possibility of prenatal diagnosis and informed of the 
clinical symptoms and the risks of the different forms 
of CF due to CFTR gene mutations. Women with CF 
have a reduced fertility due to a retarded menarche. 


Training for ICSI 


The mastery of micromanipulation techniques requires 
a long learning curve. One of the significant challenges 
in ART is the achievement of technical proficiency in 
micromanipulation without an initial phase of low suc- 
cess rates. Usually, fertilization rates for “beginners” 
range from 30% to 40%, and oocyte damage rates can be 
as high as 20% to 30%. Gvakharia et al. (229) have 


established a standardized protocol for an experimental 
ICSI model using hamster oocytes and human sperm on 
the basis of the authors’ experience with the optimized 
sperm penetration assay (SPA) and micro-SPA (230). 


O CONCLUSION 


The last two decades have brought rapid advancement 
in the understanding of mammalian embryology and 
the development of assisted reproductive techniques 
to alleviate the problems of human infertility. During 
this period, there has been much improvement in the 
set-up of the IVF laboratory to include the cryopreser- 
vation of oocytes and embryos, ICSI, and preimplanta- 
tion genetic diagnostic capabilities. The skill of the 
laboratory personnel has been constantly upgraded 
through workshops and access to almost instant 
knowledge via the Internet. The introduction of ICSI 
into the IVF program has revolutionized the treatment 
of male-factor—related infertility. Since pregnancies 
can be achieved even with round and elongated sper- 
matids, the approach to the treatment of male infertil- 
ity should bear further improvement in the future. A 
male patient who seeks treatment for his predicament 
should not be viewed as infertile unless he suffers from 
severe hypospermatogenesis, such as SCOS. 

The direct injection of sperm into the oocyte to 
treat severe male infertility bypasses critical physio- 
logical events of sperm selection leading to fertiliza- 
tion such as acrosome reaction, sperm binding to the 
zona pellucida, and sperm-egg membrane fusion. 
Moreover, immature spermatozoa are frequently used 
to achieve fertilization and pregnancy. ICSI was intro- 
duced for clinical therapy in ARTs without going 
through a carefully controlled series of experiments in 
animal models. Since ICSI has become the treatment 
of choice in most IVF laboratories and human infertil- 
ity is often related to chromosome abnormalities or 
genetic mutations, many investigators have raised 
their concern about the potential risk of transmitting 
these defects to future generations. Several retrospec- 
tive studies on ICSI in ART have reported no increase 
in the risk of major or minor congenital malforma- 
tions, but a slight increase in sex chromosomal aber- 
rations (77,231,232). Minor and major congenital 
malformations have been found in children conceived 
by ICSI with epididymal and testicular sperm and 
spermatids (233,234). Recently, there is direct evidence 
of a higher incidence of numerical chromosome 
abnormalities in sperm-fertilized human oocytes after 
ICSI (235). Moreover, transmission of genetic muta- 
tions to the offspring by ICSI has been reported 
(102-104). These studies were unable to conclude deci- 
sively, however, that there are no long-lasting and 
unanticipated consequences of ART using ICSI. There 
is therefore an urgent need to undertake clinically 
relevant research to resolve several questions on the 
cellular and molecular aspects of fertilization effected 
by ICSI. The mouse has been used extensively as a 
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mammalian model system to investigate fertilization 
processes and embryonic development and implanta- 
tion; however, the fertilization process in the mouse is 
fundamentally different from that in the human, in 
that maternal centrosome in the mouse oocyte has a 
significant role in fertilization (236-238); in humans 
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O INTRODUCTION 


When you go in search of honey, you must expect to 
be stung by bees. 
—K. Kaunda (1983) 


Most children and young adults treated for cancer can 
expect to be cured. In fact, 70% of children with cancer 
survive their malignancies, in large part because of 
major advances in the field of oncology during the 
1970s (1). Thus, clinical attention has begun to shift 
away from the problem of cure and toward refine- 
ments in the quality of life among cancer survivors. 
Fertility is certainly one quality-of-life issue very 
commonly affected by cancer treatment, and one that 
may have significant psychological consequences in 
adulthood. 

This chapter reviews the factors that contribute 
to infertility in men with cancer and also discusses the 
treatment-specific risks to fertility that accompany 
cancer management. Contemporary methods of over- 
coming infertility in cancer patients are outlined. 
Finally, several exciting and promising experimental 
approaches to the preservation or restoration of fertility 
with cancer are discussed. 


Evaluating the Male Cancer 
Patient for Infertility 


The evaluation of male infertility in the setting of 
cancer is undertaken methodically to acquire four 
kinds of information. A thorough history reviews past 
medical and surgical problems, medications, and 
exposures and delineates the frequency and timing of 
intercourse, contraceptive use, and associated prior 
pregnancies. The physical examination investigates 
peritesticular pathology including cancer, cryptorchi- 
dism, varicocele, epididymitis, and palpable absence 
of the vas deferens. The evaluation proceeds with 
laboratory studies, which include serum follicle- 
stimulating hormone (FSH) and testosterone levels. 
A hormone assessment can detect deficiencies within 
or compensatory states of, the pituitary-gonadal axis. 
Lastly, at least two semen analyses are obtained to 
evaluate semen volume, sperm concentration, sperm 
motility, and the quality of motility and morphology. 


In patients with cancer, analysis of the centrifuged 
pellet of semen is important if azoospermia is detected 
on gross examination, since sperm can be found in 23% 
of men with apparent azoospermia (2). When indicated, 
valuable adjunctive studies are available and include 
scrotal and transrectal ultrasound, assays of semen 
leukocytes or antisperm antibodies, sperm DNA 
fragmentation, and sperm-penetrating function by 
bioassay. Therapeutic choices rely on the information 
garnered from this basic evaluation. 


O WHAT IS THE IMPACT OF CANCER AND 
CANCER TREATMENT ON MALE 
INFERTILITY? 


Fertility in men with cancer may be affected by both 
the disease and its treatment. For example, compro- 
mised semen quality is detected in 60% of men with 
Hodgkin’s disease—an effect thought to be due to 
fever and other constitutional symptoms associated 
with the illness (3). Likewise, 50% of men with testis 
cancer present with abnormal semen quality, possibly 
because of tumor endocrine activity, autoimmune 
dysfunction, and contralateral organ involvement (4). 
Cancer treatment has profound effects on fertility, 
because spermatogenesis involves rapid cell division 
and is therefore exquisitely sensitive to the effects of 
chemotherapy and radiotherapy. A review of pre- and 
post-treatment semen quality associated with several 
common cancers is listed in Table 1. 

Essential to any discussion of the literature on 
cancer and infertility is a review of the limitations 
inherent among studies. Many studies of fertility in 
cancer patients use semen analysis, and not necessarily 
paternity, as the measure of fertility. Further compli- 
cating the matter, semen parameters that define a 
“normal” semen analysis vary from report to report, 
making comparisons difficult. The assessment of fertil- 
ity outcomes in cancer patients is often confounded by 
the fact that the treatment populations lack sufficient 
size and homogeneity for statistically meaningful anal- 
ysis; in addition, there is often a lack of comparative 
control groups. Notably, fertility is a couple phenome- 
non, and many studies do not address, or control for, 
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Table 1 Pre- and Post-treatment Semen Quality in Men with Common Cancers 


Semen quality 


Pretreatment 


Post-treatment (>2 yr) 


Oligospermic 


Azoospermic 


Oligospermic Azoospermic 


Type of cancer patients (%) patients (%) patients (%) patients (%) Ref. 
Testis cancer 

Stage I, surveillance 28 12 25 25 (5,6) 

Stage |, chemotherapy N/A N/A 7 7 (7) 

Stages Il, III 69 69 48 48 (6) 
Lymphoma (HD and NHL)? 27 0 22 33 (8) 
Leukemia (ALL) N/A N/A 77 21 (9) 
Sarcoma N/A N/A 29 59 (10) 
Osteosarcoma N/A N/A 12 59 (11) 


aPatients referred for sperm banking prior to therapy. 


Abbreviations: ALL, acute myelogenous leukemia; HD, Hodgkin’s disease; N/A, data not available; NHL, non-Hodgkins lymphoma. 


the potential female-factor infertility. Finally, to some 
degree, cancer therapeutic regimens lack standardiza- 
tion, which can cloud meaningful observations on treat- 
ment-related effects on fertility. Yet, given these caveats, 
important clinical and scientific information has been 
garnered through these valuable investigations. 


Specific Effects of Cancer 
Treatment on Fertility 


All major forms of cancer therapy, including surgery, 
radiation therapy, and chemotherapy can have a major 
impact on male fertility. In fact, the impact of these 
therapies on infertility constitutes the major morbidity 
in young men with cancer and hence is worthy of 
discussion. 


Surgery for Cancer 

Radical Orchiectomy 

Surgical removal of the testis is routinely performed in 
men with testis cancer. One study suggests that men 
with testis cancer and orchiectomy do not experience 
more gonadal dysfunction than men who undergo 
orchiectomy for other reasons (12). Among 54 men 
who received orchiectomy for various reasons, 
including cryptorchidism, torsion, cancer, and trauma, 
the fraction of men with normal sperm concentrations 
and those with azoospermia were no different (Fig. 1). 
Although paternity was not examined in this study, it 
appears that orchiectomy performed for any reason 
has a similar potential impact on male fertility. 


Retroperitoneal Lymph Node 

Dissection or Pelvic Surgery 

Two fertility-related complications can occur after 
retroperitoneal lymph node dissection (RPLND) or 
pelvic surgery: retrograde ejaculation and anejacula- 
tion. Both result from different degrees of injury to the 
postganglionic sympathetic fibers arising from the 
thoracolumbar region of the spinal cord. These auto- 
nomic nerves overlie the inferior aorta and coalesce to 


form the hypogastric plexus within the pelvis and can 
be damaged in the retroperitoneum or pelvis during 
lymph node or tumor dissection. These nerves supply 
the ampullary vas deferens, seminal vesicle, periure- 
thral glands, and the internal sphincter closure mecha- 
nism and thus control seminal emission. In addition, 
they supply the bulbourethral and periurethral 
musculature and affect ejaculation. Thus, damage to 
these nerves, especially in the area of the aortic bifurca- 
tion, can result in failure of seminal emission or ejacu- 
lation, or both. (For more detailed information on male 
reproductive anatomy, please refer to Chapter 2.) 
Fortunately, surgical techniques have evolved in 
ways that have reduced these fertility complications. 
The earliest RPLND procedure for testis cancer 
involved a bilateral, extended suprahilar excision of 
retroperitoneal nodes and almost uniformly resulted 
in ejaculatory dysfunction and infertility. In the 1980s, 
the modified unilateral RPLND limited the dissection 
below the inferior mesenteric artery in patients with- 
out grossly node-positive disease (13). Subsequently, 
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Figure 1 Semen quality after unilateral orchiectomy. The percent 
of patients with normal sperm concentrations (>20 million sperm/ 
mL) after unilateral orchiectomy (n = 54 patients) for four different 
reasons is shown. No statistical differences are noted. Source: 
From Ref. 4. 


nerve-sparing approaches further scaled down the 
dissection template as they prospectively targeted 
dissection of lymph nodes among sympathetic nerve 
fibers (14). With these advances, the incidence of post- 
operative antegrade ejaculation increased from 10% in 
men with the extended bilateral suprahilar dissection 
to well over 90% in men who underwent a nerve- 
sparing approach (Fig. 2) (14). Most recently, the intro- 
duction of the laparoscopic approach to retroperitoneal 
lymphadenectomy promises to reduce the morbidity 
from cancer surgery even further (15,16). 


Radiation Therapy for Cancer 

Effect on Spermatogenesis 

The effects of ionizing radiation on testis sperm 
production are well described. These are derived 
mainly from a series of remarkable experiments 
performed 40 years ago but only recently published. 
Using data generated from a study of healthy prisoners 
in Oregon and Washington in the 1960s, Clifton et al. 
examined the effects of ionizing irradiation on semen 
quality and spermatogenesis (17). Prior to a vasectomy, 
each of 111 volunteers was exposed to a different level 
of radiation, from 7.5 to 600 rads (cGy). Sperm counts 
were analyzed weekly before, during, and after the 
exposure; each prisoner served as his own control. 
Testicular biopsies were performed when possible; 
most men had one biopsy prior to and one after 
irradiation. There was a distinct dose-dependent, 
inverse relationship between irradiation and sperm 
count. Significant reduction in sperm count manifested 
at doses of 15 cGy and was temporarily abolished at 50 
cGy. Azoospermia was induced at 400 cGy in four of 
five patients; this persisted for at least 40 weeks. Despite 
these profound effects, sperm counts eventually 
rebounded to preirradiation levels in most patients. 


Dose-Dependent Nature of Effect 
Testis biopsy data from these experiments were also 
evaluated for the effects of radiation (17,18). From 
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Figure 2 Incidence of normal ejaculation after RPLND. The per- 
cent of patients with antegrade ejaculation after four different RPLND 
techniques. Abbreviation: RPLND, retroperitoneal lymph node 
dissection. Source: From Ref. 4. 
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examination of the testis biopsies, it was concluded 
that spermatogonia were the most sensitive germ cells 
to irradiation at all dose levels. Type A spermatogonia 
were obliterated to the degree that <1% remained at 
exposures >400 cGy. Even at higher doses of irradia- 
tion, however, spermatogenesis returned, indicating 
that a slowly dividing subpopulation of spermatogo- 
nia may exhibit a relative resistance to exposure. 
In addition, these studies revealed that the recovery 
time of spermatogenesis after radiation exposure 
increases with the dose received: with 20 cGy expo- 
sure, histologic and sperm count recovery occurred at 
a mean of six months postexposure, whereas doses of 
400 cGy or more required more than five years for 
complete recovery. 

Given the dramatic sensitivity of the testis to 
irradiation, what level of unintended radiation is 
encountered by the testes from “scatter” during infra- 
diaphragmatic radiation for testis cancer? In a study of 
26 seminoma patients subjected to 3200 cGy in 16 frac- 
tions over four weeks with gonadal shielding (please 
refer below for further information), Hahn et al. esti- 
mated the mean unintended gonadal exposure as 78 
cGy (19). Semen quality after irradiation was also mon- 
itored (14 patients) and it was found that sperm counts 
fell between 1 to 4 months, that most men were 
azoospermic between 2.5 to 7.5 months after irradia- 
tion, and that the vast majority of men showed evidence 
of semen recovery within 7.5 to 20 months. Insummary, 
although the testis is exquisitely sensitive to the effects 
of ionizing radiation, recovery of spermatogenesis is 
usually excellent in men receiving infradiaphragmatic 
templates. In addition, there does not appear to be an 
increase in congenital birth defects among offspring of 
irradiated men (20). 


Chemotherapy for Cancer 

Effect on Spermatogenesis 

Chemotherapy regimens are designed to kill rapidly 
dividing cells; one undesired outcome of therapy is the 
cytotoxic effect on normally proliferating tissues such 
as those of the testis. Differentiating spermatogonia 
appear to be the most sensitive germ cells to the 
cytotoxic effects of chemotherapy (21), and alkylating 
agents are considered the most toxic agents to the 
testis. Obviously, toxic effects will vary, depending on 
dose and duration of chemotherapy, stage of disease, 
age and health of the patient, and baseline testis 
function prior to therapy. A list of various chemothera- 
peutic agents and relative toxicities to the testis is given 
in Table 2. 


Agent-Specific Toxicity 

Evidence suggests that both the exocrine and the 
endocrine compartments of the testis are affected by 
chemotherapy. Several chemotherapeutic agents are 
particularly toxic to the testis, including cisplatin and 
cyclophosphamide. Hansen et al. compared semen 
parameters from 22 patients with disseminated 
testis cancer in remission (median = five years) after 
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Table 2 Toxic Effects of Chemotherapeutic Agents on the Testis 


Effect on 
Agent testis Recoverability Recovery time 
Mechlorethamine Severe Poor >2-5 yr 
Cyclophosphamide Severe Poor 1-5 yr 
Chlorambucil Severe Poor 3-5 yr 
Methotrexate Minimal Good 6-12 mo 
Cytosine arabinoside Moderate Good 6-12 mo 
6-Mercatopurine Moderate Good 6-12 mo 
Thioguanine Moderate Good 9mo 
Vincristine Moderate Good 6-12 mo 
Prednisone Moderate Good 6 mo 
Androgens Moderate Good 6-12 mo 
Estrogens Moderate Good 6-12 mo 
Doxorubicin Moderate Good 1yr 
Procarbazine Severe Poor >2-5 yr 
Cisplatin Moderate Good 1-2 yr 
Nitrogen mustard, vincristine, Severe Very poor >2-5 yr 
procarbazine, and prednisone 
Cyclophosphamide, vincristine, Moderate Moderate 3 yr 
procarbazine, and prednisone 
Doxorubicin, bleomycin, vinblastine, Moderate Moderate 1—4 yr 
and decarbazine 
Cisplatin, etoposide, and bleomycin Moderate Good 1-2 yr 
Vinblastine, bleomycin, and cisplatin Moderate Good 1-2 yr 


Note: Poor: <20% of patients will recover; moderate: 20% to 50% of patients will recover; good: >50% of 


patients will recover spermatogenesis. 
Source: From Ref. 22. 


cisplatin-based chemotherapy (total cisplatin = 
600 mg/m?), with nine patients diagnosed with stage I 
nonseminomatous germ cell tumors followed with 
surveillance (23). Mean sperm concentration was sig- 
nificantly lower in the chemotherapy group compared 
to surveillance patients: 0.35 million sperm/mL com- 
pared with 17 million sperm/mL. In addition, azo- 
ospermia was noted in 27% of chemotherapy patients 
but only 11% of surveillance patients. In another study, 
it was concluded that long-term effects of cisplatin on 
sperm production are unlikely to occur at doses below 
400 mg/m? (24). Similarly, Meistrich et al. studied 
semen quality in males with sarcomas and concluded 
that the dose of cyclophosphamide was the single most 
significant determinant of recovery to normal sperm 
counts after cancer treatment (25). Most patients 
returned to normospermia if the cyclophosphamide 
dose was < 7.5 gm/m?. In summary, the exocrine testis 
is particularly sensitive to chemotherapy for cancer. 
Chemotherapy has also been shown to affect the 
endocrine compartment of the testis. In the same study 
mentioned above, Hansen et al. found elevated FSH 
levels in 86% of chemotherapy patients compared to 
11% of men on surveillance (23). Elevations in luteiniz- 
ing hormone (LH) occurred in 59% of men undergoing 
chemotherapy and 11% of men on surveillance. From 
these observations, it is apparent that chemotherapy 
may also induce Leydig cell dysfunction such that 
more pituitary LH and FSH are needed to maintain 
normal testosterone levels and spermatogenesis. 
Studies of paternity in the setting of cancer reflect 
these observations of decreased testis function with 
chemotherapy. Hansen et al. found that the fertility in 


men who received cisplatin-based chemotherapy for 
testis cancer was reduced compared to another cohort 
of men with testis cancer treated with orchiectomy 
alone (23). A subsequent study has suggested that the 
average paternity rates after therapy among patients 
who received one or more kinds of treatment (including 
chemotherapy) for testis cancer may indeed be half of 
that observed in the same population of couples before 
the diagnosis of cancer is made (26). Fortunately, there 
is evidence in the literature that the issue of fertility is 
gaining importance in the design of chemotherapy 
regimens for young men with cancer (7). 


Does Cancer Treatment Cause 
Birth Defects in Offspring? 


Given that chemotherapy can be toxic to the testis, are 
there measurable mutagenic effects in sperm? There is 
evidence to suggest that chromosomal damage occurs 
in the sperm of men who receive cancer chemotherapy. 
Robbins et al. examined the rate of chromosomal 
aneuploidy using fluorescence in situ hybridization in 
the ejaculated sperm of Hodgkin’s disease patients 
receiving NOVP chemotherapy (Novantrone, Oncovin, 
vinblastine, prednisone) (27). When compared to 
prechemotherapy or baseline values, the incidence of 
abnormalities in sperm chromosomes 8, X, and Y 
increased fivefold during chemotherapy. Baseline 
levels of sperm aneuploidy were again achieved 
100 days after therapy ended. In addition to chromo- 
somal abnormalities, there is also evidence to suggest 
that sperm DNA fragmentation occurs with exposure 
to chemotherapy. In a single patient with chronic 


lymphocytic leukemia, undergoing fludarabine-based 
chemotherapy, Chatterjee et al. applied a single cell 
Comet assay to detect DNA strand breaks in sperm 
before, during, and after chemotherapy (28). High 
levels of sperm DNA fragmentation were observed 
during chemotherapy when compared to pretreatment. 
In addition, high levels of DNA damage persisted after 
treatment ended (up to 11 months), suggesting that 
such damage may not be fully reversible. Although the 
clinical significance of these findings is not established, 
this data suggests that sperm should not be banked 
while a patient is receiving chemotherapy; contracep- 
tive intercourse is advised for the duration of chemo- 
therapy and six months after completion. 

Are these mutagenic events significant enough to 
increase the chance of congenital defects or genetically 
linked diseases among offspring of treated men? To 
better understand the potential heritable risk associ- 
ated with chemotherapy, Marchetti et al. investigated 
the effects of etoposide on the induction of chromo- 
somal abnormalities in spermatocytes and their trans- 
mission to zygotes in a mouse model (29). With the 
technique of chromosome painting, high frequencies 
of chromosomal aberrations in exposed male germ 
cells and significant increases in the percent of embryos 
with chromosomal structural aberrations were found. 
As the types of aberrations observed generally repre- 
sented a loss of genetic material, these insults are 
expected to result in embryonic lethality. This study 
suggests that certain chemotherapeutic agents may 
produce unstable structural aberrations and aneu- 
ploidy and potentially transmit them to progeny. In a 
clinical study, Senturia et al. analyzed children born to 
96 patients after chemotherapy treatment for testis 
cancer and found that the relative risk of birth defects 
was not increased compared with 44 age-matched men 
with testis cancer managed by surveillance and 52 
healthy controls (20). Thus, it is currently unclear as to 
whether or not the genetic damage induced by chemo- 
therapy significantly affects the survivor's offspring. 


O CURRENT METHODS TO MAINTAIN 
FERTILITY WITH CANCER 
Gonadal Shielding 


The use of external beam radiotherapy to treat malig- 
nancy has led to the development of shielding devices 
to protect tissues outside the target area. Radiation 
affects organs distant from the intended target by (i) 
“leakage” through machine shielding, (ii) “scatter” 
from the collimator, or (iii) “scatter” of radiation from 
within the patient (30). Although several different 
gonadal shields have been fashioned, the ideal shield 
should allow <50 cGy to penetrate the testes (18,31). 
Foo et al. evaluated gonadal exposure during pelvic 
irradiation on unshielded phantoms and demonstrated 
that a 5000 cGy treatment would result in 632 cGy 
exposure to the testes—high enough to cause permanent 
azoospermia (30). The use of a pelvic shield, however, 
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can block as much as 99% of the 5000 cGy radiation 
dose. Therefore, it is critical that gonadal shielding be 
employed for all men receiving infradiaphragmatic 
radiation for cancer. 


Sperm Cryopreservation 


The most effective way to preserve fertility in patients 
who undergo cancer treatment is the cryopreservation 
of sperm, which can be performed on ejaculated semen 
after a routine semen analysis. The specimen is placed 
in plastic vials or “straws” and diluted 1:1 with cryo- 
protectants, usually glycerol and egg yolk-citrate 
buffer, after an initial wash. The straws are frozen in a 
very precise, stepwise, computer-controlled manner in 
liquid nitrogen (—96°C) or by exposure to liquid 
nitrogen vapor followed by submersion in liquid nitro- 
gen. Specimens are thawed by room temperature 
exposure for 30 minutes after removal from liquid 
nitrogen, followed by warming in an incubator for 10 
minutes. The thawed specimen is then washed free of 
cryoprotectants and then used for either intrauterine 
insemination or more sophisticated reproductive 
technologies. (For further information on assisted 
reproductive techniques, please refer to Chapters 33 
and 37.) A “test thaw” is usually performed with a 
small amount of the first specimen from each patient to 
see how the cryopreservation process affects sperm 
quality. Several variables influence ability of sperm to 
survive the freeze-thaw process, including the rate of 
cooling and warming and the nature of the suspending 
medium. Damage to sperm with freezing is generally 
due to the formation of intracellular ice crystals that 
can grow to sizes sufficient to destroy the cell. Among 
men with normal semen quality prior to sperm cryo- 
preservation, a 40% to 60% recovery of the motile 
sperm fraction is possible. In cancer patients with sub- 
normal semen parameters, there is generally a poorer 
recovery of motile sperm (32,33). Sperm recoverability 
after thaw is generally independent of the length of 
time that sperm are cryopreserved. 

In the past, it was commonly thought that the 
preservation of poor quality semen in men with cancer 
isnot worthwhile. This was based on the limited techno- 
logical resources available to assist in achieving a preg- 
nancy. At present, even the poorest quality semen 
specimen (1-50 sperm) is capable of resulting in a 
pregnancy with highly refined techniques of in vitro 
fertilization (IVF) and intracytoplasmic sperm injec- 
tion (ICSI). Therefore, all semen specimens that show 
motile or viable sperm should be considered for cryo- 
preservation. In addition, techniques to retrieve viable 
sperm from the male reproductive tract before cancer 
treatment should also be considered, as the cryobio- 
logical behavior of this sperm is well defined and its 
clinical utility also well established (Table 3) (34). 


Testis-Sparing Surgery for Cancer 


There has been recent interest in organ-sparing, partial 
orchiectomy surgery as an alternative to radical 
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Table 3 Motility and Viability of Three Kinds of Surgically 
Retrieved Sperm 


Motility (%) Vital stain (% viable) 


Aspirated 

sperm Fresh Thawed Fresh Thawed 
Testicle 5 0.2 86 46 
Epididymis 22 7 57 24 

Vas deferens 71 38 91 51 


Source: From Ref. 34. 


orchiectomy in selected testis cancer cases in an attempt 
to preserve gonadal hormonal function, and possibly 
fertility (35-37). This development stems from fact 
that the surgical rationale associated with the well- 
established “radical” orchiectomy for testis cancer has 
a basis that is largely empirical. The partial orchiec- 
tomy seeks to provide similar cure rates but also has a 
secondary goal to preserve gonadal function. To date, 
impressive rates of cancer cure and hormone preser- 
vation have been described in men with solitary testes 
or bilateral testis cancer (36,37). Indeed, the author has 
performed organ-preserving testis surgery in six cases 
involving malignant intratesticular tumors that were 
approached inguinally using early vascular control. 
Good preservation of testis function (both exocrine 
and endocrine) was noted without evidence of disease 
recurrence at a mean of two years postoperatively. 
This approach to testis cancer treatment may be consi- 
dered in patients with small (less than 2 cm) peripheral 
intratesticular tumors ina solitary testis, who also have 
normal preoperative LH and testosterone levels and 
are amendable to frequent and careful postoperative 
follow-up (37). 


O CURRENT METHODS TO RESTORE 
FERTILITY AFTER CANCER 
Electroejaculation 


For men who are unable to perform antegrade ejacula- 
tion after pelvic or retroperitoneal surgery, several 
fertility treatment options should be considered. 
Retrograde ejaculation is diagnosed by the finding of 
sperm within the postejaculate bladder urine. Initially, 
a trial of sympathomimetic medication should be 
attempted as approximately 30% of men will respond 
with some degree of antegrade ejaculation. Imipra- 
mine-HCl 25 to 50 mg b.i.d. and Sudafed Plus (pseu- 
doephedrine-HCl 60 mg) q.i.d. are begun several days 
before ejaculation and have been used with various 
degrees of success. The side effects associated with 
these medications usually limit efficacy. For those 
who fail medication, sperm-harvesting techniques can 
be used to retrieve sperm from the bladder with intra- 
uterine insemination or IVF to achieve pregnancies 
(38). (For more details on electroejaculation, see 
Chapter 39.) 

The absence of sperm in the voided bladder urine 
after ejaculation indicates more extensive damage to the 
autonomic nerves and is termed “anejaculation.” In the 


vast majority of these men, rectal probe electroejaculation 
can induce ejaculation by electrically stimulating the 
contraction of the vas deferens, seminal vesicle, and 
prostate. With graded increases in voltage to the tran- 
srectal probe, the pelvic plexus of nerves can be bulk- 
stimulated to induce the ejaculatory reflex. Both 
antegrade and retrograde semen are collected. Washed 
sperm can then be used with assisted reproductive tech- 
nologies to achieve biological pregnancies (39). Hultling 
et al. treated 10 anejaculatory men after testis cancer 
treatment with rectal probe electroejaculation (40). 
Successful recovery of sperm was possible in 9 of 10 
patients. An examination of the ejaculates revealed that 
sperm motility was decreased in all patients, ranging 
from 0% to 25%. Six couples used electroejaculation in 
combination with IVF, and five were able to conceive. 
These findings have been confirmed by others, and 
pregnancy rates of 30% to 35% are common with assisted 
reproductive technology (39). Because of its success in 
anejaculatory adult men, rectal probe electroejaculation 
is now being considered for the purpose of procuring 
semen for banking in pubertal (pre-ejaculatory) boys 
before anticancer therapy (41). 


Sperm Aspiration (IVF and ICSI) 


In patients with anejaculation, sperm aspiration from 
the reproductive tract is a powerful tool to help achieve 
paternity. It is possible to aspirate sperm from the vas 
deferens, epididymis, and testis and retrieve sperm for 
use with assisted reproduction. It is important to 
realize, however, that IVF and ICSI are generally 
required to achieve a pregnancy with extracted sperm. 
Thus, success rates are intimately tied to a complex 
and complementary program of assisted reproduction 
for both partners. 

Sperm can be retrieved from the reproductive 
tract by either percutaneous or incisional approaches. 
Common sources of sperm include the vas deferens, 
epididymis, and testis (Fig. 3). In cases of normal 
sperm production, vasal, epididymal, and testicular 
sperm retrieval are all possible. With abnormal 
spermatogenesis, however—similar to the state found 


Figure 3 Microscopic view of two-layer vas deferens closure after 
vasal sperm aspiration in a patient with anejaculation. 


in men after cancer treatment—the testes are the only 
viable site, and generally, a biopsy is needed. Sperm is 
aspirated into a nourishing fluid, and individual sperm 
are selected for IVF and ICSI in the laboratory. Patient 
recovery after sperm extraction is rapid and most 
procedures are performed under local anesthesia (42). 
Egg fertilization rates of 65% to 75% and pregnancy 
rates of approximately 30% to 50% have been reported 
with vasal and epididymal and testicular sperm (42,43), 
but the results vary widely among individuals because 
of differences in sperm and egg quality. 


Testis Fine Needle Aspiration “Mapping” 


As described above, IVF and ICSI have been used with 
great success in cancer patients with ejaculatory 
dysfunction. It is now possible, however, to use this 
technology in men with testis failure due to chemo- 
therapy or radiation-induced injury, in whom very 
few sperm are obtainable from the testis (44). This uro- 
logic foray into the failing testis for sperm has allowed 
men with cancer, who have no sperm in the ejaculate, 
to father biological children. Problems encountered to 
date in the failing testis include the fact that sperm pro- 
duction is very low and that it may vary geographi- 
cally within the testis, making the usual “blind” testis 
biopsy an inaccurate method to either diagnose or 
extract sperm. Consequently, there is a failure to obtain 
sufficient sperm for IVF and ICSI in 25% to 50% of men 
with testis failure (45,46). Several strategies have been 
developed to better detect and localize sperm within 
the failing testis, including a unique adaptation of the 
fine needle aspiration (FNA) technique (47). Taking 
advantage of the relatively atraumatic percutaneous 
technique of FNA, this method of detecting testicular 
sperm relies on multiple, systematic samplings of 
many areas of the testis (11 sites per testis) according to 
a “map,” or template, under local anesthesia (Fig. 4). 
After sperm are located, testis tissue removal is then 
“directed” to the sites showing sperm, and sperm are 
obtained for IVF and ICSI (44,48). Such strategies 
improve the chances for paternity in many men who 
have undergone cancer treatment. Indeed, in a recent 
series, 11 men with various cancers, who had been 
treated with chemotherapy, were studied by FNA 


Figure 4 Testis fine needle aspiration “map” illustrating template of 
systematically placed sampling sites. Frequently, only a few sites 
might reveal sperm in men with testis failure. Source: From Ref. 48. 
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mapping after no sperm was detected in the ejaculate 
(49). Residual spermatogenesis in the testis was 
detected in 8 of 11 (73%) men and subsequent 
pregnancies achieved by IVF and ICSI in six of the 
eight (75%) in this cohort. Thus, even men with no 
ejaculated sperm after chemotherapy for cancer are 
now candidates for biological paternity. 


O PROMISING APPROACHES TO 
PRESERVING/RESTORING FERTILITY 
Protecting the Testis Prior to Treatment 


Since cancer therapy can deplete germ cells and cause 
infertility, studies have pursued ways to “protect” the 
delicate germ cells from such damage. In 1981, Glode 
et al. theorized that spermatogenesis might be slowed 
or suspended with hormones that suppress the hypo- 
thalamic—pituitary—gonadal axis (50). If this were done 
prior to chemotherapy for cancer, the testis might be 
protected from the devastating effects of chemotherapy 
on rapidly dividing germ cells. Since then, researchers 
have applied a variety of hormonal regimens, including 
estrogens, androgens, antiandrogens, gonadotropin- 
releasing hormone (GnRH) agonists, and GnRH antag- 
onists in animal models to investigate this hypothesis. 
This research has met with varying levels of success in 
the preservation of the spermatogonial population in 
testes exposed to radiation or chemotherapeutic agents 
(51-56). Confounding variables have included (i) indi- 
vidual differences in the host response to cytotoxic 
agents, (ii) individual differences in the host response 
to “protective” hormonal manipulation, (iii) wide vari- 
ability of hormonal regimens used for spermatogonial 
protection, (iv) lack of knowledge as to which germ 
cells types are affected by hormonal manipulation, and 
(v) variability in animal species studied. In the few 
studies with human subjects, the results have been 
largely disappointing (57,58). As these experiments are 
refined, however, it is conceivable that hormonal 
manipulation may emerge as a workable form of testis- 
protective therapy. 


Restoring Spermatogenesis: 
Germ Cell Transplantation 


An extremely exciting advance in the understanding 
of spermatogenesis may also have practical applica- 
tion for the restoration of spermatogenesis in men after 
cytotoxic cancer treatment: In an area of research 
termed “germ-cell transplantation,” Brinster and 
Zimmerman successfully transplanted spermatogonial 
stem cells from fertile mice into genetically or chemi- 
cally sterile mice (59). With the use of a genetics-based 
method to identify the donor germ cells, the authors 
were able to demonstrate colonization, active 
spermatogenesis, and sperm production of donor 
germ cells within recipient seminiferous tubules in a 
mouse—mouse model. Remarkably, offspring con- 
ceived by the recipient male mice were shown to be 
derived from donor germ cells (60). Further work has 
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Table 4 Published Studies on Interspecies Germ Cell Transplantation 


Study Comment 


Ref. 


Hamster-to-mouse transplants 


Hamster sperm found in all mice testes (63) 


1—18% of the testis was colonized 
Spermiogenic cells were visually abnormal 


Rabbit and dog-to-mouse 
transplants 


Polyclonal antibody assay to detect donor cells (64) 
Donor cells colonize and expand in mice (1 yr) 


No postmeiotic donor cells seen 


Mouse-to-pig transplants 10/11 recipient testis had colonization (1 mo) (65) 

Boars-, bulls-, and stallion-to Donor cells variably colonize and expand (66) 
mouse transplants No postmeiotic donor cells seen 

Human-to-mouse transplants 73% of recipient testes were colonized (6 mo) (67) 


No spermatogonial differentiation observed 


shown it is also possible to transplant rat spermato- 
gonia into immunotolerant mouse testes (61), and that 
frozen-thawed germ cells can be transplanted from 
mice to mice (62). A current summary of studies that 
have used germ cell transplantation in other species, 
including humans, is given in Table 4 (63-67). 

An innovative variation of germ cell transplanta- 
tion involves grafting ectopic testis tissue from one spe- 
cies to another. Instead of using single dispersed cells, 
investigators have tried using intact testis to increase the 
“take” of donor cells in the recipient. Ectopic grafting of 
testis tissue has reportedly resulted in complete sper- 
matogenesis when donor newborn mouse, rabbit, pig, 
and goat testes were transplanted subcutaneously into 
nude mice (68,69), and live progeny have resulted from 
tissue grafting with IVF-ICSI in animal models (69,70). 

Despite the fact that interspecies transplantation 
of germ cells has encountered mixed success, the impli- 
cations that arise from these studies are profound, as it 
may eventually be possible to biopsy and freeze normal 
testis tissue in men (or boys) before the initiation 
of cytotoxic cancer therapy and, subsequent to cure, 
perform an autologous transplant of thawed germ cells 
to repopulate the empty seminiferous tubules and 
reinitiate spermatogenesis and fertility. 


Restoring Spermatogenesis: 
In Vitro Sperm Maturation 


In another area of innovative research, several studies 
have attempted to develop in vitro culture systems 


that encourage spermatogenesis to proceed to comple- 
tion (71,72). This technology may find future use in the 
preservation of testis tissue from prepubertal boys 
who are to receive potentially sterilizing cancer treat- 
ment. Fertility preservation may be possible if 
the explanted tissue can subsequently be “grown” in 
culture to the point of mature sperm development for 
use with IVF and ICSI. 


O CONCLUSION 


Much progress is being made in the ability to pre- 
serve or restore fertility in males with cancer. Cancer 
treatment regimens are now taking quality-of-life 
issues such as future fertility into consideration 
during protocol redesign, including the reduction of 
chemotherapy doses or cycles and refinements in 
surgical techniques in order to preserve ejaculation. 
In addition, assisted reproduction has seen excit- 
ing advances with technology such as IVF and ICSI, 
so that men who were previously unable to have chil- 
dren because of the effects of cancer therapy are now 
enabled. Finally, exciting new technologies such as 
hormonal downregulation, germ cell transplantation, 
and in vitro sperm cell maturation are currently 
being studied with the promise of improving the 
odds of fertility in even more men who are currently 
unable to father children despite being cured of 
their cancers. 
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O INTRODUCTION 


Spinal cord injury (SCI) is a common, devastating 
condition that profoundly impacts the lifestyle of the 
affected individuals as well as their families. In the 
United States alone, 10,000 new cases are reported each 
year (1), of which 60% involve individuals aged 16 to 
30 years. Further, the National Spinal Cord Injury 
Statistical Center has shown that approximately 82% 
of the 200,000 people in the United States who have 
SCI currently are men. Consequently, male sexual 
function and fertility are important areas that need to 
be addressed for these individuals. Only 5% of the men 
with SCI are likely to be able to achieve pregnancies 
with their partners without assistance (2). The two 
major reasons for this infertility following SCI are 
ejaculatory failure and poor semen quality (3-6). 


O EJACULATORY FAILURE 


The ejaculatory process consists of three consecutive 
and possibly independently occurring phases: 
emission, which is the movement of the semen along 
the vas deferens to the posterior urethra; ejection, in 
which the sympathetic-mediated contraction of the 
posterior urethra and closure of the bladder neck 
occurs simultaneously with the rhythmic contraction 
of the bulbocavernosus, ischiocavernosus, and pelvic 
floor muscles, resulting in anterograde expulsion of 
the semen through the urethral meatus; and lastly, 
orgasm, which appears to be controlled centrally and 
is the least understood phase of ejaculation. (For fur- 
ther details on these physiologic processes, see the 
chapters within Part I.) 

In general, any pharmacological agent or disease 
process that interrupts the aforementioned neurologic 
pathways can interfere with the peristaltic function of 


the vas deferens and closure of the bladder neck. After 
medications, however, the most common cause of 
ejaculatory failure is SCI (7). Other neurologic dis- 
orders, such as diabetes mellitus and multiple sclero- 
sis, are also common causes. Retroperitoneal surgery 
may injure the sympathetic ganglia that control ejacu- 
lation, but current methods of nerve-sparing retroperi- 
toneal lymph node dissection avoid this complication 
in the majority of patients (8,9). Typically, both ejacula- 
tion and orgasm are permanently lost in these patients. 
The result may be either failure of emission or retro- 
grade ejaculation and, eventually, infertility. The 
majority of patients with complete SCI are unable to 
ejaculate. In fact, ejaculation is seen in less than 10 % of 
these cases, and spontaneous procreation without 
medical intervention is rare. 

Absent ejaculation may be caused by either retro- 
grade ejaculation or failure of emission. The complete 
absence of seminal fluid is called aspermia, and this 
disorder should be differentiated from azoospermia 
(absence of sperm in the seminal fluid). Other causes of 
aspermia include the psychologic disturbances associ- 
ated with an inability to obtain orgasm. 


O POOR SPERM QUALITY 


Ejaculate from patients with SCI is known to be poor in 
quality. Several studies have documented abnormal 
parameters in the semen analysis of these individuals, 
specifically with regard to poor sperm motility and 
viability. Brackett et al. (10) showed that sperm from 
spinal cord-injured men lose motility—particularly, 
linear motility—more rapidly than sperm from normal 
men. The same study demonstrated that despite the 
large proportion of dead sperm in the fresh ejaculates 
of the spinal cord-injured men, the rate of cell death is 
not faster than that of normal specimens. Interestingly, 
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this is in contrast to a later study by Brackett et al. 
(11) that showed decreased sperm viability in this 
population. 

Yet, despite these findings, sperm concentration 
is not reduced, and in fact, it has been reported as 
normal by several groups (5,12,13). One study even 
showed an increase in the sperm count of SCI patients 
(14). Other studies have suggested that seminal plasma 
is a major contributor to the semen abnormalities seen 
in these patients (15,16). Sperm motility of normal sub- 
jects was shown to decrease significantly when the 
sperm were exposed to seminal plasma obtained from 
spinal cord-injured patients. Conversely, when sperm 
from SCI patients were exposed to seminal plasma of 
normal individuals, they exhibited an increase in 
motility. 

Currently, there is no generally accepted etiology 
for poor sperm quality in SCI patients that can com- 
pletely explain all the abnormalities seen in the semen 
of these men. 

Abnormal prostatic or secretory vesicle function, 
or both, may be the cause of these semen alterations. 
In this regard, Brackett et al. (15) have shown that 
sperm motility and viability are lower in ejaculated 
sperm versus aspirated sperm from the vas deferens. 
Similarly, Ohl et al. (14) found an abnormal pattern of 
sperm transport and storage in the seminal vesicles of 
men with SCI. Brackett et al. (15) demonstrated that 
men with SCI were shown to have elevated serum 
prostate-specific antigen and decreased seminal 
prostate-specific antigen compared with normal men. 
Additional animal studies have provided further 
evidence that alterations in the prostatic fluid constit- 
uents could be the result of changes in the autonomic 
innervation of this gland. It is possible that the inac- 
tivation of the seminal plasma motility inhibitor, a 
factor that originates from seminal vesicles and is sup- 
posed to be rapidly inactivated within a few minutes 
after ejaculation in normal men, is deficient in the 
seminal plasma of spinal cord-injured men (17). 

This theory, however, is controversial. Although 
Randall et al. (18) showed that leukocyte concentra- 
tions were elevated in the semen of men with SCI when 
compared with controls, no signs of acute or chronic 
prostatitis were observed, casting doubt on the valid- 
ity of the hypothesis that inflammation of the prostate 
is the source of seminal abnormalities. 

Mallidis et al. (19) suggested that the basic defect 
in SCI patients could be the same as the defect in epi- 
didymal necrospermia (deficiency in epididymal 
sperm storage). Since both conditions have similar 
sperm qualities, in the first description of necrosper- 
mia, it was shown that frequent ejaculation (two ejacu- 
lations per day for five days) improves sperm motility 
and viability. This observation has led to the belief that 
frequent ejaculations will improve the quality of semen 
in SCI patients. Later studies, however, have shown 
that sperm quality of patients with SCI will continue to 
deteriorate over time, even with frequent ejaculations; 
thus, the previously observed improvement in sperm 


quality with frequent ejaculations was considered to 
be temporary. 

Subsequent studies in patients with SCI also 
showed that poor semen motility and viability could 
be the result of the collecting method used, for exam- 
ple, when a current is applied to the patient during 
electroejaculation (EEJ), which is a method for semen 
retrieval in these patients. 

Semen abnormalities seen in SCI patients have 
also been attributed to many other factors, including 
testicular hyperthermia, possible changes in the hypo- 
thalamic—pituitary-testicular axis, and the excessive 
generation of reactive oxygen species (Table 1). 


O TREATMENT 


The treatment of infertility in spinal cord-injured men 
may take one or more of several approaches: proce- 
dures to obtain sperm naturally through assisted ejac- 
ulation, the surgical retrieval of sperm, or procedures 
designed to assist in fertilizing the female egg (assisted 
reproductive techniques, or ART). This chapter will 
focus on the first group. (For further details on tech- 
niques for surgical retrieval of sperm and assisted 
reproductive techniques, see Chapters 33 and 37.) 


Assisted Ejaculatory Procedures 


Most individuals with a complete SCI cannot produce 
anterograde ejaculation either by masturbation or by 
sexual stimulation. This inability results from the trau- 
matic interruption of the nerve pathways that control 
ejaculation. While spinal cord injuries at or below the 
level of T10 commonly lead to loss of erection and 
ejaculation, injuries above this level allow the spinal 
reflex arcs to remain intact, and thus the patients 
may be able to retain reflex erection, and, occasionally, 
ejaculation (20). Recently, the development and 
advancement of penile vibratory stimulation (PVS) 
and EEJ has significantly improved the outcome 
of treatment for ejaculatory dysfunction in spinal cord- 
injured men. 


Table 1 List of the Postulated Mechanisms Contributing to 
Poor Sperm Quality in Spinal Cord-Injured Men 


Sperm transport dysfunction in the seminal vesicles 
Deficiency in epididymal sperm storage 

Prostatic secretory dysfunction 

Leukocytospermia 

Retrograde ejaculation 

Testicular hyperthermia 

Reactive oxygen species generation 

Changes in hypothalamic-pituitary—testicular axis 
Elevation of TNF-a, IL-1, and IL-6 in the seminal plasma 
Recurrent urinary tract infection 

Neurogenic bladder 

Electrical stimulation 

Sperm autoimmunity 

General poor health 


Abbreviations: IL, interleukin; TNF, tumor necrosis factor. 
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Penile Vibratory Stimulation 

History 

PVS was first introduced by Sobrero et al. (21) in 1965 
as a method of inducing ejaculation in a group of 
normal men. The first therapeutic evaluation of PVS 
for ejaculatory failure in SCI patients was published by 
Brindley (20,22). In his initial studies, Brindley reported 
a success rate of 60% for inducing ejaculation in men 
with SCI. With current methods of vibratory stimula- 
tion, however, ejaculation can be produced in more 
than 80% of the cases, irrespective of patient age, level 
of injury, years since injury, and level of bladder man- 
agement (23). 


Procedure 

PVS involves the stimulation of the penile dorsal nerve 
via the placement of a high-amplitude (1.5-2.5 mm) 
vibrating disc on the frenular region of the ventral 
penis for two minutes in order to induce ejaculation. 
If no ejaculation occurs, there will be a rest period 
of one to two minutes before the stimulation begins 
again. This stimulation leads to the activation of the 
ejaculatory reflex in the thoracolumbar area of the 
spinal cord. With this technique, ejaculation can be 
achieved in 83% of patients with cord lesions above 
T10. The required time to induce ejaculation by PVS in 
SCI patients ranges from 10 seconds to 45 minutes (24). 
It should be noted that the ejaculation may or may not 
be accompanied by an erection. During PVS, somatic 
reactions such as abdominal muscle contractions and 
leg spasms may also be seen. Although specially- 
designed equipment with specific vibration frequen- 
cies and amplitudes are available, many practitioners 
have found good results using the readily available 
vibrators intended for general use. In fact, it is possible 
that the wide range of reported ejaculation rates (19- 
91%) is attributable to the nonstandard design and 
output of these vibrators (25). 


Indications 
It is generally accepted that in order for PVS to be suc- 
cessful, the injury must have occurred above the thora- 
columbar emission center, which lies between T10 and 
L2. Patients with lesions above the T10 spinal level 
generally have an intact ejaculatory reflex arc since the 
peripheral efferent nerves exiting from T10-L2 and 
$2-S4 are intact. The integrity of this reflex arc can be 
confirmed by the presence of an intact bulbocaverno- 
sus reflex and the ability to perform hip flexion, both of 
which predict successful ejaculation when sensory 
afferent input is increased to suprathreshold levels 
(26-30). Patients with spinal cord injuries involving 
the lower spinal cord or peripheral neural lesions 
resulting from, e.g., retroperitoneal surgery, are not 
likely to respond to vibratory stimulation (11). 
Compared to EEJ (see below under “Problems”), 
PVS is generally safe, simple, inexpensive, and repeat- 
able; it can be administered at home, and does not 
require anesthesia. PVS with vaginal insemination per- 
formed by the couple at home is a viable reproductive 


option for those SCI men with adequate semen param- 
eters (29,31,32). Many investigators recommend that 
PVS should be the first-line treatment in patients with 
lesions above T10 (29). Brindley (22) reported 11 home 
pregnancies following PVS and vaginal self-insemina- 
tion in 81 couples where the father had a complete or 
nearly complete spinal cord lesion. Recently, several 
additional pregnancies have been reported from PVS 
procedures combined with self-insemination at home. 
Most studies, however, have used multiple ovulation- 
induced cycles to achieve home pregnancies and that 
the overall pregnancy rate per couple ranged from 
25% to 61% (29). 


Problems 

Occasionally, local skin abrasions may occur where the 
vibrator is applied to the skin. No further treatment is 
required other than the prevention of subsequent 
irritation. It should be noted, however, that in men with 
neurologic lesions above T6, the application of PVS 
may induce autonomic dysreflexia if they are prone to 
this condition (33). Lesions above T6 will disrupt the 
regulatory effects of higher sympathetic control centers 
in the brain; therefore, the spinal sympathetic neurons 
will function independently and elaborate an exagger- 
ated and unopposed response (34). Men with a prior 
history of autonomic dysreflexia should be given 
pretreatment with 20mg of sublingual nifedipine 
15 minutes prior to the procedure. In the event of a 
sympathetic outflow (autonomic dysreflexia), termina- 
tion of the procedure should be sufficient to break the 
response; however, it may be necessary to gain intrave- 
nous access in order to deliver sympatholytic agents. 


Electroejaculation 
History 
EEJ is the word generally used to denote the acquisi- 
tion of semen by electrical stimulation with the place- 
ment of electrodes inside the rectum. The name is 
somewhat misleading, however, as the semen is never 
actually ejaculated, but rather dribbles from the exter- 
nal urinary meatus without the force of ejection. 
Electrical stimulation was first employed in an 
animal model in 1863 when Eckhardt applied an elec- 
trical current to the branches of the sacral nerves in 
dogs to induce penile erection (35). In 1936, Gunn was 
the first investigator who used electrical stimulation to 
produce actual ejaculation in sheep (36) with a rectal 
electrode and an alternation current of 50 cycles per 
second, electrically stimulating the seminal vesicles 
and vas deferens. EEJ in humans dates back to the 
work of Learmonth (37) and later Bucy et al. (38), who 
inserted a cystoscope into the male urethra while 
simultaneously stimulating the presacral nerves. On 
stimulation, the prostatic urethra became obscured by 
seminal-like fluid containing spermatozoa. In 1948, 
Horne et al. collected semen via electrical stimulation in 
15 SCI patients with lesions lower than the level of C5. 
The rates of successful seminal emission with EEJ 
range widely according to different studies, from 50% 
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to 70% (25) up to 80% to 100% (39-41). In general, EEJ 
produces an ejaculation in approximately 75% of the 
patients, regardless of whether the lesion is high or 
low, and complete or incomplete (20,24,25). 


Procedure 

EFJ is a reliable method of obtaining semen from men 
with anejaculation. The method has been modified 
over time in order to minimize the thermal and electri- 
cal damage to the rectal mucosa and adjacent repro- 
ductive structures. The procedure may be performed 
without anesthesia in spinal cord-injured patients who 
have complete cord lesions. In patients with incom- 
plete cord lesions, who have some degree of pelvic 
sensation, however, general anesthesia is required (3). 

First, the patient is put into a lithotomy position. 
A Foley catheter is inserted and the bladder is drained. 
A neutralizing solution is instilled into the bladder and 
the catheter is clamped off. Next, a rectoscopy is per- 
formed to ensure the health of the rectal wall. During 
the procedure, one must ensure that the Foley balloon 
remains tight against the bladder neck to prevent the 
semen from leaking into the bladder, as contact with 
the urine may adversely affect the sperm (41-44). The 
electrical probe is then placed inside the rectum and 
positioned toward the anterior rectal wall, adjacent to 
the area of the prostate gland and the seminal vesicles. 
The electrical stimulation is administered in a wave- 
like pattern, with the voltage increased in one-to-two- 
volt increments. The antegrade sample is milked out of 
the urethra. The probe is then removed and another 
rectoscopy is performed. The bladder is then drained, 
and a retrograde sample is collected. Both antegrade 
and retrograde samples are taken for analysis. 

Until recently, a low level of electrical gradient 
was maintained between the voltage peaks and during 
ejaculation. More recently, it was suggested that inter- 
rupted current delivery appears to produce a more 
efficient ejaculate with more sperm available in the 
antegrade fraction (44). It was suggested that this 
change in current delivery may take advantage of the 
observed pressure differential of the internal and exter- 
nal sphincter, thus increasing the percent of antegrade 
semen obtained. 


Indications 

EEJ should be attempted as the second line of therapy 
in those patients who have failed to respond to PVS. It 
would, however, be appropriate to perform rectal 
probe EFJ as first-line therapy in patients with injury 
levels below T10 and/or lower extremity flaccidity 
(23). Since these patients have an impaired spinal reflex 
arc, PVS will not produce emission. 

Patient age and the interval since injury have no 
effect on the outcome of EEJ. No historical feature is 
absolutely predictive of success or failure. Bladder 
management does have an effect on the success rate, 
with intermittently catheterized patients experiencing 
the best results. Patients with indwelling urethral cath- 
eters may perform poorly due to chronic urethritis, 


prostatitis, and obstruction of the ejaculatory ducts. 
High-pressure reflex voiding also has a negative effect 
on outcomes that could be due to the reflux of urine 
into the ejaculatory ducts, seminal vesicles, and vas 
deferens, causing chronic inflammation (25). 

As an additional benefit, Ohl et al. (25) reported a 
temporary reduction in lower extremity spasticity after 
EEJ. Although many patients appreciate this as a break 
from the bothersome spasm, this phenomenon poten- 
tially may cause a temporary urinary retention; thus, 
patients with spontaneous voiding need to be observed 
for urinary retention after EEJ. 


Problems 

It is rare not to be able to produce a semen sample from 
SCI men using the EEJ technique (25). The main reason 
for failure is usually related to abandonment of 
the procedure due to autonomic dysreflexia, the most 
worrying complication of the treatment. 

As with PVS, EEJ may produce autonomic dysre- 
flexia in men with SCI above T6 (33). This condition 
can present initially with headache, sweating, brady- 
cardia, and elevated blood pressure, but may progress 
to life-threatening circulatory collapse and death. For 
this reason, heart rate and blood pressure need to be 
carefully controlled throughout the procedure in those 
prone to autonomic dysreflexia. Pretreatment of these 
patients with 10 to 20mg of sublingual nifedipine 
15 minutes before the procedure will usually allow EEJ 
to be performed safely (34). 

If, however, autonomic dysreflexia should occur, 
the first step in its management is to sit the patient 
upright. This evokes an orthostatic drop in blood pres- 
sure (45). At the same time, any tight or restrictive 
clothing or devices should be removed. During treat- 
ment, blood pressure should be carefully monitored 
every two to five minutes. In many cases, draining 
the bladder alleviates the symptoms as well as the 
hypertension. If, after performing the steps outlined 
above, the systolic blood pressure is 150mm Hg or 
greater, pharmacologic therapy should be undertaken. 

There are few published studies evaluating anti- 
hypertensive therapy in patients with autonomic 
dysreflexia. In general, the best antihypertensive medi- 
cations to use in this situation have a rapid onset and 
short duration of action. Oral nitrates and nifedipine 
(immediate-release form) are the most commonly used 
medications (46-48). In 1995, the Cardiorenal Advisory 
Committee of the Food and Drug Administration 
decided after a lengthy deliberation that sublingual 
nifedipine should not be approved for the treatment of 
hypertensive emergencies. A review of literature at 
that time revealed reports of serious adverse effects 
such as cerebrovascular ischemia, stroke, numerous 
instances of severe hypotension, acute myocardial 
infarction, conduction disturbances, fetal distress, and 
death (49). Despite this decision, the use of short-acting 
oral nifedipine for what is perceived as a hypertensive 
emergency remains widespread in the United States 
and indeed all over the globe (50). 
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Thus far, there have been no reported adverse 
events from the use of nifedipine in the treatment of 
autonomic dysreflexia (45); however, there have been 
such events in cases of hypertensive emergencies. 
Captopril is an alternative pharmacologic agent for the 
management of autonomic dysreflexia (51). 

Pain described as a mild rectal discomfort during 
EEJ is experienced by some individuals with partially 
preserved rectal sensation. Brindley (20) reported that 
every patient who had pinprick sensation in the sacral 
or L4 or L5 dermatome was unable to tolerate EEJ. 
Those with intact sensation in the L1 to L3 dermatome 
were unpredictable in their tolerance. 

Brindley (20) examined the rectal mucosa with a 
sigmoidoscope a few minutes after the procedure. The 
sites of stimulation were indistinguishable from the 
surrounding mucosa. He also reported blood staining 
of the next feces passed, in only 2 of 256 EEJs on 
89 patients. Generally, no significant rectal mucosal 
injury has ever been noted in association with EEJ. 

One of the major disadvantages of EFJ is that it 
must be performed in the physician’s office due to the 
necessity of monitoring heart rate and blood pressure 
as well as performing anoscopy before and after the 
procedure. 

Initial studies have suggested that the EEJ pro- 
cess itself might be harmful to the sperm (52-54). Other 
studies, however, have not supported this theory, and 
similar quality sperm is obtained after PVS (55,56). 


Sperm Retrieval Techniques 


All SCI patients who fail to produce semen after EEJ 
should be evaluated with a postprocedural urine spec- 
imen. The urine specimen is evaluated by centrifuging 
the urine for 10 minutes at 300 g or more. In patients 
with absent ejaculation, the finding of greater than 10 
to 15 sperm per high-power field indicates retrograde 
ejaculation, and EEJ should be repeated. Prior to the 
EEJ procedure, the patient’s bladder should be emp- 
tied of urine by a catheter to prevent urine from 
adversely affecting the retrograde ejaculate. A buffer- 
ing medium can be instilled into the bladder before 
the procedure. After EEJ, the bladder should be cathe- 
terized again to empty the retrograde fraction (29). If 
no sperm are present, these patients should be evalu- 
ated for causes of azoospermia. Blood tests for hor- 
monal profiles, including follicle-stimulating hormone 
(FSH), luteinizing hormone (LH), and testosterone 
are done to assess the testicular function. Similarly, 
ultrasonography of the testes, epididymes, and semi- 
nal vesicles may be used to evaluate for obstructive 
conditions, which could be treated with surgical 
retrieval of the sperm. 

A few men will produce seminal fluid but are 
azoospermic. In these patients, especially if FSH is 
elevated and they have atrophic testes, testicular sperm 
extraction (TESE) is then performed (57,58). 
Conventional teaching has been that infertile men with 
azoospermia and a serum FSH greater than two to 


three times normal levels have severe testicular failure 
that is not amenable by any conventional therapy; 
however Kim et al. (59) noted that 30% of men who 
were previously advised against testicular biopsy if 
atrophy was present were able to initiate pregnancy by 
means of TESE with advanced micromanipulation 
techniques. 

Vasal aspiration is performed in aspermic 
patients with normal testicular ultrasonography and 
endocrine profile or those with obstruction of the ejac- 
ulatory duct. Lewin et al. (60) successfully obtained 
sperm by this method in 100% of the cases. Another 
technique that has been employed for the retrieval of 
sperm in cases with obstruction is seminal vesicle 
aspiration (61,62). 

Sperm may also be retrieved from the ductal 
system or from the testicular parenchyma. In contrast, 
only testicular sperm retrieval is applicable for azo- 
ospermic patients without an obstruction but with 
normal testicular function (63-67). 

Microepididymal sperm aspiration (MESA) was 
first introduced to retrieve sperm in cases with obstruc- 
tive azoospermia such as congenital bilateral absence 
of the vas deferens (68). Spermatozoa obtained by 
MESA with in vitro fertilization (IVF) have been used 
for more than 10 years (69). The fertilization and preg- 
nancy rates with MESA and standard IVF, however, 
are low—not higher than 20% and 11%, respectively 
(68,69). The introduction of micromanipulation for 
assisted fertilization, however, has significantly 
improved the fertilization rate achieved using testicu- 
lar spermatozoa with this method (70). (For further 
information on micromanipulation, see Chapter 37.) 
Ever since, new technologies of testicular sperm 
retrieval combined with intracytoplasmic sperm injec- 
tion (ICSI) have been developed (71). Therefore, many 
patients with various pathologies of sperm produc- 
tion, including SCI leading to azoospermia, can be 
offered IVF. Although MESA and TESE are the most 
common retrieval procedures, percutaneous aspirat- 
ing techniques are favored by some groups (72-74). 
Percutaneous epididymal sperm aspiration (PESA) is a 
less invasive technique (75). Pregnancy rates are likely 
comparable between open and percutaneous sperm 
retrieval techniques for patients with obstruction; 
however, many more sperm are retrieved by MESA 
than by PESA (76). Because excess sperm may be 
cryopreserved and used for subsequent IVF cycles, 
patients are likely to only need one MESA procedure, 
whereas multiple PESA procedures may be required 
for subsequent cycles. 


Advantages and Disadvantages 


A retrospective analysis by Pasqualotto et al. (77) 
showed no significant difference in the rate of fertili- 
zation or embryo transfer irrespective of the etiology 
of azoospermia (obstructive vs. nonobstructive) and 
the site of sperm retrieval (epididymal vs. testicular). 
Testicular sperm retrieval, however, resulted in both a 
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lower pregnancy and a higher abortion rate than 
epididymal sperm retrieval. In an EEJ-ICSI cohort, 
Schatte et al. (78) reported a lower pregnancy rate than 
the 45% and 42% rates achieved with age-matched 
specimens obtained by MESA and TESE, respectively; 
however, the reason for the low pregnancy rates with 
sperm obtained by EEJ than with sperm resulting from 
normal ejaculation by patients with severe male factor 
infertility, epididymal aspiration, or testis biopsy 
remains unclear. 

Further, it is unknown why there were no differ- 
ences in fertilization rates between patients with 
obstructive (epididymal spermatozoa) and nonob- 
structive azoospermia (testicular spermatozoa), even 
though testicular spermatozoa were related to a higher 
abortion rate than epididymal spermatozoa. One 
explanation for the high abortion rate with testicular 
spermatozoa is that there may be severe impairment of 
spermatogenesis in these cases (79). 


Donor Sperm Program 


When the options for sperm retrieval techniques have 
been exhausted with no success, the patient and his 
partner may be counseled regarding the use of donor 
sperm. The donor is usually screened with a question- 
naire and personal interview about any history of 
hereditary and sexually transmitted diseases. Blood 
tests are performed for blood type, Rh group, syphilis, 
hepatitis B surface antigen, and anti-human immuno- 
deficiency virus antibodies. The semen samples are 
examined and cryopreserved. Six months after 
retrieval, blood tests are performed again for the latter 
three tests. If negative for infectious diseases, the semen 
is used for intrauterine insemination (IUI), IVF, or ICSI 
based on the sperm quality. 


Assisting Oocyte Fertilization 


Once sperm has been retrieved from the male patient, 
the next step in producing a successful pregnancy is 
the fertilization of the female oocyte. Several tech- 
niques now exist to achieve this goal. 


Intrauterine Insemination 

Indications 

The first pregnancy achieved by combining EEJ and 
insemination was reported in 1975 by Thomas et al. 
(80), but the patient aborted spontaneously. The 
first live birth following treatment combining tran- 
srectal EEJ and IUI was reported by Bennett et al. in 
1987. Standard insemination of the partners of spinal 
cord-injured men with the ejaculate obtained by 
either vibrator or EEJ has been shown to be unsuc- 
cessful because of the poor quality of the semen 
samples obtained (81). The more recently developed 
technique of IUI of washed and prepared semen is 
more successful. With this method, published preg- 
nancy rates are between 5% and 9% per insemina- 
tion cycle (81-83). 


Outcomes 

Traditionally, semen has been used for IUI with a rela- 
tively poor pregnancy rate of 2% to 36%, with most 
studies reporting figures of less than 10% (5,22,24,84— 
86). The low pregnancy rate achieved with sperm from 
these men is often attributed to poor semen quality. 
Although the semen of spinal cord-injured men 
typically contains a normal-to-high concentration of 
sperm, often low motility, poor viability, and perhaps 
other unidentified factors are present that are detri- 
mental to sperm function (17,87,88). 


In Vitro Fertilization 


The combination of EEJ and IUI has given rise to sev- 
eral reports of successful pregnancies for couples in 
whom the male partner suffers from paraplegic ane- 
jaculation (3,89); however, it is common in such men 
for spermatozoal counts to be low and progressive 
motility to be poor, possibly because of either testicu- 
lar hyperthermia or negative influences of the EEJ pro- 
cedure on semen production. These factors reduce the 
success of timed IUI alone. IVF is a viable alternative 
for patients with anejaculation in whom IUI failed. 
Ayres et al. (6) reported the first successful application 
of IVF and embryo transfer in combination with EEJ in 
a couple with poor sperm quality. 


Indications 

Currently, most urologists perform vibratory stimula- 
tion or EEJ with four to six cycles of IUI before attempt- 
ing IVF. Ohl suggested that it is cost-effective to bypass 
TUI and proceed directly to IVF with the spouse of men 
who require anesthesia for EEJ and who have a total 
inseminated motile sperm count less than 4 million. 
IVF has resulted in improved fertility rates in couples 
with anejaculation after multiple failed attempts at IUI 
(82). If the sperm sample produced by rectal probe EEJ 
is of poor quality but still has a sufficient number of 
motile and normal sperm cells, conventional IVF can 
be successful (90). 

Many investigators have suggested that proceed- 
ing directly to IVF is more cost effective in the setting 
of severely reduced semen quality. Van Voorhis et al. 
(91) suggested that if the total motile sperm count was 
less than 10x 10°, IVF is more cost effective. Although 
there is no established threshold for a total motile 
sperm count below which IUI cannot be performed, 
the literature suggests that 5x10° to 10x10° is a safe 
estimate. 


Outcomes 

To improve pregnancy rates, IVF has been used with 
EEJ. Clinical pregnancy rates have been as high as 67% 
(32,43,78,85,90,92-95). To minimize the number of 
invasive procedures and the number of cycles of super- 
ovulation, a limited number of IUI procedures could 
be performed before proceeding to IVF. Alternatively, 
if the initial EEJ specimen was of very poor quality 
(e.g., a total motile sperm count less than 5x10°), it 
would not be unreasonable to proceed directly to IVF. 
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Intracytoplasmic Sperm Injection 


Subzonal sperm injection was the first gamete micro- 
manipulation technique and was performed by either 
chemical or mechanical opening of the zona pellucida 
(Fig. 1) and the insertion of sperm under this layer 
(97,98). Subzonal insemination requires only a few 
spermatozoa but its success is highly dependent upon 
the ability of those spermatozoa to fuse with the 
oolemma. When this happens, penetration of more 
than one sperm cell often occurs, rendering the embryo 
genetically abnormal (99). Manipulation of the human 
fertilization process by deposition of a single sperm 
cell into the cytoplasm of the oocyte was preceded by 
experimental work in hamsters and mice using sperm 
nuclei and membrane relaxants (100,101). 


Indications 
The capability of injecting sperm directly into the cyto- 
plasm of a human oocyte (bypassing the zona pellu- 
cida and oolemma), achieving decondensation and 
male pronucleus formation, has offered new possibili- 
ties for male gametes with poor motility and abnor- 
mal or absent acrosome (102,103). Studies by Palermo 
et al. (104) in which four human pregnancies were 
attained by ICSI also showed ICSI to have superior 
results to subzonal insemination. Schoysman et al. 
(105) were the first to report, in 1993, a successful 
fertilization and pregnancy after ICSI with spermato- 
zoa obtained after TESE. 

Since then, there has been a tendency to abandon 
the subzonal approach as the ICSI technique has 
become increasingly popular because of the higher 


ona Pellucida 


Figure 1 (See color insert.) Human ovum. The zona pellucida is 
seen as a thick clear girdle surrounded by the cells of the corona 
radiata. The egg itself shows a central granular deutoplasmic area 
and a peripheral clear layer, and encloses the germinal vesicle, in 
which is seen the germinal spot. Source: From Ref. 96. 


fertilization rates (106). Since its introduction in 1992, 
ICSI has revolutionized the techniques of assisted 
reproduction and has become a popular fertilization 
procedure. The combined use of EEJ to overcome the 
barrier of sperm procurement and ICSI to overcome 
the functional deficiencies of electroejaculates has dra- 
matically improved the prognosis of fertility in anejac- 
ulatory men (85). ICSI seems to be the only successful 
method of assisted reproduction in cases of severe 
male subfertility, in which low sperm count, extremely 
low motility, and poor morphology do not respond 
well to fertilization attempts by classic IVF. Even in 
cases of testicular failure, TESE can be used success- 
fully to allow performing of ICSI (107). (For further 
details, see Chapters 25 and 33.) 

In the presence of consistently poor semen sam- 
ples, however, and in common with other (25,90,92), 
Brinsden et al. (94) opted for earlier recourse to IVF or 
ICSI in the presence of very poor samples. Another 
study performed by Schatte et al. (78) supports the use 
of ICSI after failed IUI in men with anejaculation who 
require EEJ. Brinsden et al. showed that early recourse 
to the use of the more sophisticated treatment meth- 
ods, such as IVF and ICSI, is likely to achieve success 
for couples sooner than multiple attempts at simple 
insemination or even IUI. If semen quality after EEJ is 
consistently good, then up to three or four attempts at 
IUI may be recommended initially. 


Outcomes 
For spinal cord-injured patients with infertility second- 
ary to nonobstructive azoospermia, no corrective treat- 
ment is available. ICSI, however, has enabled some of 
these couples to have genetic offspring using a small 
number of spermatozoa retrieved from the testicles. It 
seems that these patients have small foci of spermato- 
genesis in the testes, although they remain azoosper- 
mic overall. It is possible that a minimum quantitative 
threshold of spermatogenesis must be exceeded for 
any spermatozoa to reach the ejaculate, estimated at 
four to six mature spermatids per tubule (108). 

Palermo et al. (109) demonstrated that ICSI results 
in higher fertilization and pregnancy in couples in 
whom sperm characteristics are severely impaired. 
The efficacy of this technique compares favorably with 
the rates of fertilization and pregnancies achieved with 
standard IVF in couples with no sperm abnormalities. 

Despite the reported success with ICSI, no corre- 
lation has been found between sperm characteristics 
(density, motility, and morphology) and eventual 
fertilization after ICSI. Spermatozoa collected by epi- 
didymal aspiration (supposedly less mature) and those 
exposed to unfavorable conditions during collection 
by EEJ or after cryopreservation performed equally 
well with ICSI when compared with spermatozoa 
collected by masturbation. This fact raises the question 
of whether spermatozoon integrity is indeed necessary 
to achieve fertilization in humans. 

Chung et al. (85) demonstrated that the use 
of ICSI for electroejaculates undoubtedly provides 
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couples with anejaculation the highest chance of 
pregnancy as compared with standard IVF. Another 
advantage of this technique is that by use of ICSI, the 
number of necessary rectal probe EEJs is reduced— 
and, consequently (when indicated), the number of 
general anesthesia procedures. 

With a poor sperm sample, cryopreservation is 
usually abandoned because motility is further impaired 
during freezing and thawing. Since ICSI does not 
depend on sperm motility, cryopreservation of poor 
semen is feasible (110). ICSI using previously frozen 
sperm achieves fertilization and pregnancy rates simi- 
lar to those using fresh ejaculate. 

Cryopreservation as a means of the storage of 
testicular spermatozoa is very important, because it 
allows the possible avoidance of a subsequent testicu- 
lar biopsy if no pregnancy is achieved after a first ICSI 
cycle with fresh testicular spermatozoa. Particularly in 
patients with SCI who have nonobstructive azoosper- 
mia, cryopreservation can be of major benefit. De Croo 
et al. (111) showed that it is possible to achieve a 
high fertilization rate after ICSI with both fresh and 
frozen-thawed testicular spermatozoa, but implan- 
tation and live birth rates per transferred embryo are 
significantly lower after ICSI with frozen—thawed than 
with fresh testicular spermatozoa. In a study performed 
by Schwarzer et al. (112), there was no difference in the 
birth rates achieved with fresh and cryopreserved 
spermatozoa. 


Many case reports on successful ICSI with 
frozen-thawed testicular spermatozoa have been pub- 
lished (113-115). Gil-Salom and coworkers (116) 
reported that the fertilization rate, embryo cleavage 
rate, and embryo quality after ICSI with fresh or 
frozen-thawed testicular spermatozoa were compara- 
ble in a group of 12 patients. 

Although normal fertilization occurs in approxi- 
mately 60% of surviving oocytes after ICSI, rare 
instances of abnormal fertilization may occur. Even 
though sperm dysfunction can be overcome by ICSI, 
the age of the female partner, as is seen in conventional 
IVF, continues to be a determinant in terms of 
pregnancy. 

It is clear that for both MESA and TESE in com- 
bination with ICSI and the freezing of epididymal or 
testicular spermatozoa that remain after the injection 
with fresh collected spermatozoa is of benefit to the 
patient. Epididymal spermatozoa can be frozen more 
easily because of their higher concentration and motil- 
ity compared with testicular spermatozoa. Imoedemhe 
et al. (117) indicated that the preservation of human 
sperm by air drying in the short term does not impair 
their ability to participate in pronuclear formation 
and development of cleavage state embryo. This 
cheap and simple sperm preservation technique 
requires further evaluation as it holds potential appli- 
cation in patients with transmissible viral conditions, 
such as HIV. 


Electroejaculation 


Good semen quality Poor semen quality 
>5*10°/ml or < 20*10°/ml 
Cryopreservation 


P 


Failed after 3 cycles 


| 


ICSI cycle 


Figure 2 Algorithm for the selection of additional treatment after electroejaculation. Abbreviations: EEJ; electroejaculation; ICSI, intracyto- 
plasmic sperm injection; IUI, intrauterine insemination; MESA, microepididymal sperm aspiration; TESE, testicular sperm extraction; 
VA, vasal aspiration. 


Severe oligoasthenospermia 
<5*10°/mi 


No sperm available 
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ONeuropathies 2% 
mPsychogenic 1% 


Figure 3 Different diseases that may benefit from ART due to 
anejaculation. Abbreviations: ART, assisted reproductive technol- 
ogy; MS, multiple sclerosis; SCI, spinal cord injury. 


For the detection of viability of sperm of an 
immotile sample, pentoxifylline is added to the sperm 
suspension at a concentration of 3.5 mmol/L followed 
by incubation for 15 minutes at 37°C (117). The sample 
is then washed and centrifuged. Some sperm become 
motile, which facilitates recognition of viable sperm 
for ICSI. 

It was proposed recently that by performing ICSI 
through a micro-hole, which is created by a laser beam 
on the zona pellucida, the damage to the oocyte or to 
its subcellular components may be reduced. As 
reported, laser-assisted ICSI can lead to more success- 
ful embryonic formation in selected patients with prior 
high oocyte degeneration rates. Nagy et al. (118) dem- 
onstrated that this technique may provide benefit to all 
patients requiring ICSI procedure (Figs. 2 and 3). (For 
further details on micromanipulation techniques, see 
Chapter 37.) 


O SUMMARY 


Shieh et al. (119) designed a very comprehensive pro- 
tocol for SCI patients who wanted to father a baby by 
using EEJ and assisted reproductive technology (ART). 
First, they performed EFJ twice with an interval of one 
month. Depending on the semen parameters, the 


couples were counseled and treated with ART. A fair 
semen sample was considered to have a sperm concen- 
tration of 5x10’/mL or more, progressive motility of 
20% or higher, and normal morphology of 4% or higher 
by using Kruger’s strict criteria (120). If at least one 
semen sample was considered fair, three cycles of IUI 
were suggested before entering into ICSI treatment 
(85,121). If both semen samples were poor, then ICSI 
was suggested. If no sperm were obtained from EFJ, 
the patient would be evaluated and surgical retrieval 
of the sperm was performed by using vasal aspiration, 
MESA, or TESE. 


Candidates 


Men with irreversible obstruction are candidates for 
MESA or TESE, both in conjunction with ICSI. In cases 
of nonobstructive azoospermia, TESE can also be used 
for sperm retrieval and subsequent ICSI. 


Outcomes 


In general, ICSI with spermatozoa from men with 
impaired semen quality achieves a delivery rate of up 
to 39% per cycle (122). Even in cases of azoospermia, 
ICSI can realize a couple’s hopes of fertility. Men with 
normal spermatogenesis have good chances of achiev- 
ing fertility. In contrast, patients with testicular lesions 
should be informed that their chances of achieving 
fertility are lower, and the probability of not detecting 
spermatozoa may be as high as 40%. 

Schwarzer et al. (112) tried to evaluate the male 
factors relating to the outcome of ICSI. While it is well 
established that female partner’s age is one of the most 
important prognostic factors (123), the age of the male 
partner did not seem to have an influence on birth 
rates. 


O CONCLUSION 


In general, ICSI can be used successfully to treat 
couples who have failed IVF or who have too few sper- 
matozoa for conventional methods of in vitro insemi- 
nation. Sperm parameters do not clearly affect the 
outcome of this technique. 
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Part V 


Mass Lesions of the Male Reproductive System 


he goal of this volume has been to review the 

entire spectrum of male reproductive dysfunc- 
tion; however, the extremely complex subject of mass 
lesions of the male reproductive tract could be in itself 
an entire textbook. What further differentiates these 
lesions from the other pathologies discussed previ- 
ously is that not only can malignancy impact 
the integrity of reproductive function, but its very 
presence often threatens life. Thus, the treatment of 
malignant lesions is focused primarily on saving the 


life of the individual, rather than preserving repro- 
ductive and sexual function. Therefore, the mass 
lesions of the male reproductive system have been 
allotted their own dedicated section so that the patho- 
physiology, diagnosis, and management of these 
diseases may be discussed in a unified manner for the 
sake of completeness, with the particular goal of 
addressing reproductive concerns that may arise 
during or in the aftermath of cancer treatment that 
may not be covered elsewhere. 


Section I: Mass Lesions of the Penis and Testes 


40 
Testicular and Penile Cancer 


John W. Davis 


Department of Urology, The University of Texas M.D. Anderson Cancer Center, Houston, Texas, U.S.A. 


Donald F. Lynch 


Department of Urology, East Virginia Medical School, Norfolk, Virginia, U.S.A. 


Paul F. Schellhammer 


Department of Urology, Eastern Virginia Medical School, Norfolk, Virginia and Prostate Cancer Center, Sentara Cancer 


Institute, Hampton, Virginia, U.S.A. 


O TESTICULAR CANCER 


Testis cancer is a rare disorder that mostly affects 
young males. In 2006, there will be an estimated 8250 
new cases and an estimated 370 deaths in the United 
States (1). In Caucasian men aged 20 to 34 years, how- 
ever, it has the distinction of being the most common 
solid tumor (2). Most testis cancers are germ-cell 
tumors (GCTs) and they have received significant 
attention from the medical community, despite their 
rarity, due to several features: the array of pathologic 
subtypes, the ability of multimodal therapy to cure 
metastatic disease, and the successful design and exe- 
cution of multimodal clinical trials to refine treatment 
regimens. As a result, in the past few decades, testis 
cancer has gone from being a highly lethal disease to 
one in which multimodal therapies can provide over 
99% cure rates for low-stage disease and over 70% cure 
rates for metastatic disease. These excellent survival 
statistics, plus the fact that surgical, radiation therapy, 
and chemotherapy treatments are being applied to a 
population of young men, makes GCTs a fascinating 
area of research. In addition to survival, quality of life, 
fertility, secondary cancers, and side effects of treat- 
ment are all important end points of the study. 

Table 1 lists 10 “classic” papers in the history of 
testis cancer that demonstrate this revolution in cancer 
treatment. 


Epidemiology and Risk Factors for GCT 


The incidence of GCT is rising worldwide, but no 
definitive explanation has been provided (4). Reviews 
of the 1990s SEER data (5), a military cohort (6), and a 
cohort study from 1973 to 1995 (7) confirm that the 
incidence of GCT is rising and that the peak age at 
diagnosis has decreased. 

Numerous explanations for the rising incidence 
of GCTs have been proposed (4). Although GCTs have 
been increasing, sperm counts have been purportedly 


decreasing. Testis atrophy may be a risk factor whereby 
increased serum follicle-stimulating hormone (FSH) 
production leads to clonal evolution from carcinoma- 
in-situ (CIS) to seminoma to nonseminoma. Wanderas 
et al. (8) found that elevated levels of FSH after orchi- 
ectomy predicted increased risk of contralateral GCT. 
Postpubertal endocrine effects may also contribute, as 
studies have correlated earlier sexual activity with ear- 
lier peak age incidence. Other epidemiological factors 
described include intrauterine estrogen excess, gonadal 
heat exposure, trauma, and mumps (4). 

The most recognized risk factor for GCT is a 
history of cryptorchidism. Patients with a history of 
cryptorchidism have up to a tenfold increased risk of 
GCT, and 10% of patients with GCT have previously 
suffered from this condition (9). Abdominal cryptor- 
chidism is associated with a higher risk of nonsemi- 
noma germ-cell tumor (NSGCT) compared to inguinal 
cryptorchism (4). Successful orchiopexy to the scrotum 
allows for easier physical examination and detection of 
GCT in an adult but is not known to alter the risk of 
GCT in men compared to those with no history of 
cryptorchidism unless corrected before puberty (10). 

AIDS is a risk factor for GCT. Testicular tumors 
are the third most common AIDS-related malignancy 
after non-Hodgkins lymphoma and Kaposi’s sarcoma 
(11). An increased proportion of seminomas have been 
reported (12), and increased incidence of bilateral dis- 
ease with different histology has been reported (13). 
Immunosuppression may play a role, as organ trans- 
plant recipients have 20 to 50 times greater risk of GCT 
compared to the general male population (13). 


Prevention and Screening for GCT 


Currently, no dietary or pharmacologic preventive 
measures are available for GCT. The low prevalence 
combined with the successful results of treatment for 
early- and late-stage disease will likely make any mass 
screening for GCT impractical. Nevertheless, the testes 
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are readily amenable to self-examination and self- 
referral for the evaluation of a suspicious mass. Both 
testis and penile cancers are commonly associated with 
delayed presentation to a physician—likely due to 
embarrassment and/or lack of awareness of the 
disease. Therefore, young men should be counseled to 
perform regular testicular self-examinations and to 
seek early evaluation for a mass or swelling. 


Work-Up of a Solid Testicular Mass 


Testis tumors are most often asymptomatic. Patients 
may infrequently report local symptoms such as a 
change in size, the presence of pain, or a history of 
trauma. Symptoms of metastatic disease may include 
shortness of breath, weight loss, fatigue, abdominal 
pain or distention, or tender breasts. GCT usually pres- 
ents as an asymptomatic enlarged testis, and approxi- 
mately 25% report a dull pain, usually due to 
hemorrhage and/or infarction (14). If testis pain is the 
chief complaint, however, the diagnoses of testicular 
torsion, infection, or infarction are all more likely than 
that of a tumor. 

GCTs are right sided in 53% of cases, left sided in 
44%, and bilateral in 0.4% (15). Testicular lymphoma is 
the most likely diagnosis if the patient is older (greater 
than 60 years of age) and has bilateral tumors (16). The 
testis should be examined by gentle palpation between 
the thumb and two forefingers and should be differen- 
tiated from the epididymis. Any solid mass distinctly 
localized to the testis is highly suspicious of cancer, 
unless it can be readily explained by infection or recent 
trauma. If a hydrocele is present, scrotal ultrasound 
can provide diagnostic information. Some metastatic 
testis cancers—especially choriocarcinoma—may have 
a “burned-out” testis lesion that is nonpalpable but 
evident on ultrasound and histopathology. 

Standard blood counts, urinalysis, and serum 
electrolytes should be obtained to rule out other condi- 
tions. Three serum tumor markers, although not sensi- 
tive enough for screening use, are a part of the 
work-up: 


m Beta-human chorionic gonadotropin (BhCG) is 
secreted by syncytiotrophoblast cells and eleva- 
tions occur in 40% to 60% of all GCTs: 100% with 
choriocarcinoma, 80% with embryonal tumors, and 
10% to 25% with seminoma (17). 

m Alpha fetoprotein (AFP) is associated with yolk sac 
and embryonal tumors, but not seminoma or cho- 
riocarcinoma (17). Its elevation occurs in 50% to 
70% of GCTs and excludes the diagnosis of a pure 
seminoma (even if only seminoma is seen in the 
orchiectomy specimen), thereby directing therapy 
toward nonseminomatous GCT. 

m Lactate dehydrogenase elevation may indicate 
bulky, advanced disease or relapse. 


Ultrasound of the scrotum is a highly sensitive 
diagnostic tool for the work-up of most scrotal 


pathology. Imaging patterns can be diagnostic for solid 
versus cystic masses. Doppler imaging can differenti- 
ate low blood-flow patterns consistent with torsion 
from high blood-flow patterns consistent with epidid- 
ymo-orchitis (18). With testis tumors, histologic sub- 
type can be suggested. Seminomas tend to be 
homogenous, hypoechoic, intratesticular lesions, 
whereas nonseminomatous subtypes tend to have 
more cystic, calcified, and inhomogeneous areas, often 
due to hemorrhage. (For further information, please 
refer to Chapter 28.) 


Radical Orchiectomy and Further Staging 


At the conclusion of the work-up of a testicular mass, 
if other pathologies such as torsion, orchitis, and 
trauma are readily excluded, the patient with a solid 
mass is then assumed to have a tumor until proven 
otherwise. Due to the drainage of testicular lymphatics 
along their embryologic origins into the retroperito- 
neum, radical inguinal orchiectomy is the procedure of 
choice. Scrotal skin lymphatics drain to the inguinal 
areas; because a scrotal incision for testis cancer risks 
contaminating these lymphatics, this approach is con- 
traindicated. If a patient is explored scrotally and a 
tumor is incidentally found, the patient may suffer no 
adverse effects if tumor spillage is avoided. Subsequent 
therapy for tumor spillage usually requires chemo- 
therapy (19). By the same rationale, if a patient has a 
history of herniorrhaphy, orchiopexy, or other altera- 
tion in lymphatic drainage, subsequent radiation for 
stage I seminoma may include the ipsilateral inguinal 
region with testis shielding (20). 

During inguinal exploration, it is sometimes rea- 
sonable to obtain frozen section biopsy of the tumor if 
trauma or a benign tumor is strongly suspected. For 
the majority, GCT is suspected, and the inguinal cord 
and vas deferens are separately ligated high and pref- 
erably above the internal inguinal ring. It is useful to 
leave a long nonabsorbable suture on the patient side 
of the cord, as this remaining stump of cord will need 
to be removed from the abdominal side if a retroperi- 
toneal lymph node dissection (RPLND) is subsequently 
performed. 

Even before a tissue diagnosis and staging are 
obtained, fertility and prosthesis questions may arise. 
Many patients with GCT are subfertile at diagnosis. If 
a patient is found to have severe oligospermia, Baniel 
et al. (21) have described sperm aspiration from the vas 
at the time of orchiectomy. Intracytoplasmic sperm 
injection (ICSI) was subsequently performed in two 
couples, and one delivered a healthy infant. (For fur- 
ther information on this topic, please refer to Chapter 
33). Silicon testicular prostheses have been available in 
the past, but were removed from clinical application 
due to the problems associated with silicone breast 
implants. Saline-filled implants were recently approved 
by the FDA. 

Staging work-up is completed by chest X ray 
(CXR) and computed tomography (CT) scanning of 


the abdomen. CT of the chest is indicated if disease is 
detected on the abdominal CT (22). Histologic subtype 
can direct staging as well. Seminoma, embryonal carci- 
noma, and teratoma tend to spread directly along 
lymphatic paths, whereas choriocarcinoma and yolk 
sac carcinoma spread preferentially by hematogenous 
routes to the lung, liver, and brain (23). 

The overall analysis of histologic subtype, serum 
tumor markers, and location of metastatic disease 
(if present) has been incorporated into a consensus 
staging system that includes a designation of good 
risk, intermediate risk, or poor risk for response to 
treatment and overall cure rates. Tables 2, 3, and 4 
demonstrate how a patient’s tumor (T), lymph node 
(N), metastatic (M), and serum status (S) are classified, 
combined into a stage designation, and further strati- 
fied by risk. 


Pathologic Classification 


The pathologic distinction between pure seminoma 
and mixed GCT (NSGCT) is important and directs 
subsequent clinical decisions. Any GCT in which only 
seminoma histology is seen but is producing an ele- 
vated AFP marker must, by marker definition, have 
yolk sac elements and is therefore classified as NSGCT. 
Elevated B-hCG, however, is seen in approximately 
10% to 25% of pure seminomas. 

GCTs have the following subtypes and frequen- 
cies: seminoma, 40%; embryonal carcinoma, 25%; tera- 
tocarcinoma, 25%; teratoma, 5%; and choriocarcinoma 
(pure), 1%. GCTs are the most common tumor of the 
testis by far, and other tumors rarely occur. 


Significance of Intratubular Germ-Cell 
Neoplasia 


Intratubular germ-cell carcinoma, or CIS, is the prema- 
lignant condition to GCT, with a natural history of pro- 
gression to seminoma or embryonal cancer. Giwercman 
(26) reported a 0.8% incidence among 399 men aged 18 
to 50 years, who died of other cancers; a 2.8% incidence 
among 599 men with a history of cryptorchidism; and 
a 5% incidence in the contralateral testis of 1000 men 
with a history of treated GCT. Patients with infertility, 
intersex disorders, cryptorchidism, prior contralateral 
GCT, or atrophic testes more commonly have CIS. 
Once CIS is diagnosed, approximately 40% to 50% 
will develop GCT within five years (27), and with 
extended follow-up, this number may continue to 
increase (28,29). 

Daugaard et al. (30) have argued that the contra- 
lateral testis should be biopsied at the time of orchiec- 
tomy. Patients diagnosed early canbe treated effectively 
with radiation or surgery. Herr and Sheinfeld (31), 
however, argue that biopsy is unnecessary, as 95% of 
GCT patients do not have CIS, and the 5% with CIS can 
be effectively treated (cured) at a later time. In place of 
biopsy, they recommend patient education and close 
follow-up. This plan may be reasonable, but high-risk 
groups with a history of undescended, small, and/or 
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infertile testis should be considered for a contralateral 
testis biopsy. 


Treatment of Stage | Seminoma 


The vast majority of seminomas (approximately 90%) 
present as stage I and are cured by radical orchiectomy 
alone, but 25% harbor occult metastatic disease and 
will recur. Such recurrences are highly curable by plat- 
inum-based chemotherapy. Therefore, surveillance for 
stage I is a reasonable option for a patient who is moti- 
vated and reliable enough to go through a rigorous 
follow-up regimen that includes office visits and imag- 
ing studies. Unfortunately, tumor markers are not 
available to follow up for recurrence. The interval for 
the appearance of metastases is longer than for stage I 
NSGCT, and therefore, the time required for adequate 
follow-up is longer. 

Warde et al. (32) reported on a pooled analysis of 
638 patients with stage I seminoma placed on surveil- 
lance protocols. At seven years, 121 relapses were 
observed for an actuarial five-year relapse-free rate of 
82.3%. Primary tumor size and rete testis invasion were 
important predictors of relapse. Although this option 
may be appropriate for well-selected patients, the 
majority will be referred for adjuvant radiation ther- 
apy (XRT) for stage I. This therapy involves 25 cGy 
delivered over three weeks. The fields comprise an 
area in the shape of a “hockey stick” that includes para- 
aortic, paracaval, bilateral common iliac, and external 
iliac nodal regions. Recent protocols are reducing the 
field to para-aortic only. Adjuvant XRT reduces relapse 
to 3%—usually outside the radiation field and still cur- 
able by chemotherapy. Short-term side effects include 
fatigue, nausea, vomiting, and GI upset. Long-term 
side effects are unusual with the dose of 25 cGy, rang- 
ing from 0% to 6% (33,34), and secondary malignancies 
are rare (34). Radiation is also utilized for stage IIA and 
IIB disease, and the technique is similar. 


Treatment of Stage IIC (Bulky) and 
Stage Ill Seminoma 


For patients with stage IIC or III disease, platinum- 
based chemotherapy is more effective than XRT. The 
optimum regimen is debatable but generally consists 
of four cycles of bleomycin, etoposide, and cisplatin 
(BEP). Ongoing clinical trials are evaluating the safety 
of eliminating the fourth cycle or bleomycin altogether 
to reduce toxicity further. For poor-risk and salvage 
cases, alternating regimens using ifosfamide and 
vinblastine, with dose escalation may be necessary. 
Table 5 reviews the prognosis for seminoma and 
nonseminoma based upon stage and risk factors. 
Although most patients with bulky retroperito- 
neal disease have a complete response to chemother- 
apy, an occasional patient will have a residual mass. In 
contrast to NSGCT, the postchemotherapy seminoma 
retroperitoneum undergoes significant desmoplastic, 
fibrotic reaction that makes surgical excision of masses 
technically difficult and more prone to complications 
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such as vascular or bowl injury. Motzer et al. (35) found 
that a residual mass greater than 3 cm had a 50% chance 
of harboring tumor, and they recommended the 3-cm 
size as the cutoff for exploration but cautioned that 
these cases are best performed at experienced referral 
centers due to the rarity of the situation and the poten- 
tial morbidity. The Indiana group (36), however, rec- 
ommends observation. In their series, most of these 
masses were necrosis, and with extended follow-up, 
observed patients had no further evidence of disease. 
Definitive recommendations are in the process of eval- 
uation. Positron emission tomography (PET) scanning 
has emerged as a diagnostic tool to evaluate recurrent 
masses after chemotherapy, and with further experi- 
ence may be utilized in addition to the 3-cm rule for 
deciding between salvage therapy and surveillance (37). 


Treatment of Stage | NSGCT 


One of the most fascinating and often debated topics in 
testis cancer is the optimum management of stage I 
NSGCT. The good news for patients is that they can 
expect a chance of cure of above 99% (38) as long as 
they undergo orchiectomy followed up with strict 
compliance with one of three treatment /management 
algorithms: RPLND, two cycles of immediate chemo- 
therapy, or surveillance with four cycles of chemother- 
apy if and when disease recurrence becomes clinically 
detectable on follow-up imaging. There is no definitive 
data to prove which one is the best; rather, physicians 
must educate patients on the known outcomes, risks, 
and benefits of each treatment scheme and make deci- 
sions individualized to the patient. 


Table 3 Staging System for Testicular Germ-Cell Cancers 


T1-4 NO MO Sx 
Stage | 
IA Ti NO MO SO 
IB T2 NO MO So 
T3 NO MO So 
T4 NO MO So 
IS Any T NO MO S1-3 
Stage II Any T Any N MO SX 
IIA Any T N1 MO SO 
Any T N1 MO S1 
IIB Any T N2 MO So 
Any T N2 MO S1 
IIC Any T N3 MO So 
Any T N3 MO S1 
Stage III Any T Any N Mia SX 
IIA Any T Any N Mia So 
Any T Any N Mia S1 
IIB Any T Any N MO $2 
Any T Any N Mila S2 
IIIC Any T Any N MO S3 
Any T Any N Mia S3 
Any T Any N Mib Any S 


Abbreviations: T, patient tumor; N, lymph node; M, metastatic; 
S, serum status. 
Source: From Ref. 24. 


Surveillance is the easiest protocol to describe 
first, as it introduces the important facts of the natural 
history of the disease and is the benchmark to compare 
the results of RPLND and initial chemotherapy. As 
Tables 2 and 3 show, stage I is defined as any patho- 
logic T classification of the primary testis tumor (pT1- 
4) with no lymphadenopathy or metastatic disease on 
imaging studies. Serum markers may be elevated pre- 
orchiectomy, but the patient would only be treated as 
stage I if the markers normalize postorchiectomy 
consistent with their half-lives. Stage I patients have 
been enrolled in large clinical protocols of surveillance 
(39) since the initial 1982 study by Peckham et al. (40), 
and the overall recurrence rate is approximately 30% 
(38). Multiple imaging modalities have been evaluated 
for GCT including ultrasound, magnetic resonance 
imaging (MRI), and lymphangiogram. CT of the abdo- 
men remains the most effective staging modality (41) 
but still misses 30% of the patients with occult meta- 
static disease. PET scanning is promising and may be 
an area of future improvement in GCT staging (42). 

Subclinical metastases tend to become clinically 
evident within the first two years. During this time, 
patients must undergo evaluation every two to three 
months to include examination, serum markers, CXR, 
and CT of the abdomen. Follow-up intervals can be 
lengthened after two years, but should probably never 
cease altogether. Recurrences, usually in the retroperi- 
toneum, are then effectively salvaged with four cycles 
of platinum-based chemotherapy. If compliance is 
achieved and salvage therapy promptly and appropri- 
ately delivered, cure rates are not compromised in 
the 30% that recur, and 70% are spared any subsequent 
surgical or systemic therapy. Compliance has 


Table 4 Risk Assessment for Testicular Germ-Cell Cancers 


Serum markers Extent of disease 


NSGCT 


Good risk No evidence of 
nonpulmonary 


metastases 


LDH < 1.5 x normal 
hCG < 5000 mIU/mL 


AFP < 1000 ng/mL 
LDH 1.5—10 x normal 


Intermediate No evidence of 


risk hCG 5000-50,000 mIU/ nonpulmonary 
mL or AFP 1000- metastases 
10,000 ng/mL 
Poor risk LDH > 10 x normal Evidence of 
hCG > 50,000 mIU/mL nonpulmonary 
AFP > 10,000 ng/mL metastases 
Seminomas 
Good risk No evidence of 
nonpulmonary 
metastases 
Intermediate Evidence of 
nonpulmonary 
metastases 


Abbreviations: AFP, alpha fetoprotein; hCG, human chorionic 
gonadotropin; LDH, lactate dehydrogenase; NSGCT, nonseminoma 
germ-cell tumor. 

Source: From Ref. 25. 


Table 5 Prognosis of Testicular Germ-Cell Tumors Treated by 
Orchiectomy and XRT or Platinum-Based Chemotherapy as 
Indicated 


Seminoma 
Stage | 98-100% 
Stage II (B1/B2 non-bulky) 98—100% 


Stage II (B3 bulky) and III 90% complete response to 
chemotherapy and 86% 


durable response 


Nonseminoma 
Stage | >98% 
Stage II 90-95% 
Stage III 50-90% depending upon risk 
assessment 


been shown to be inconsistent in many studies (43), 
resulting in potentially higher stage relapse, but a neg- 
ative effect on survival has not been demonstrated. 

RPLND is a common treatment pathway for 
stage I NSGCT. Cuneo first successfully performed 
the procedure in 1906, and subsequently, thoracoab- 
dominal and transperitoneal midline abdominal 
approaches have been described (44). It has been 
shown to be both a staging and a therapeutic proce- 
dure (45) and has undergone numerous revisions in 
the past two decades. Based upon studies in which 
testicular lymphatics were injected with contrast, an 
early version of RPLND included complete bilateral 
dissections of all lymph-node tissue along the common 
iliacs, presacral, interaortocaval, para-aortic, paraca- 
val, and suprahilar regions (46). Such dissections 
effectively upstaged 30% of stage I patients to stage II, 
while the remainder of the patients with negative 
nodes (pathologically stage I) enjoyed more peace of 
mind that their chance of disease recurrence after a 
negative RPLND was very low. 

Further studies demonstrated that the chance of 
suprahilar nodal disease was very low, and, therefore, 
this region was omitted from the dissection (47,48). 
Nevertheless, the bilateral dissection sacrificed the 
lumbar sympathetic chains and hypogastric plexus, 
and consequently about 90% of men had impaired 
sympathetic function manifested as retrograde or dry 
ejaculation (49). Erectile function and the ability to 
achieve a sexual climax were not affected. Since many 
men with GCT are still within the age that fertility is 
desired (50), further understanding of the anatomy of 
the retroperitoneal nerves and revision of the opera- 
tion was desired. Extensive lymph-node mapping 
studies demonstrated that the potential “landing 
zones” for a right- versus left-sided GCT could be read- 
ily predicted (8,47). Therefore, dissection templates 
could be devised, whereby one side of the lumbar sym- 
pathetics and the hypogastric plexus could be left 
undisturbed. Ejaculation was preserved in 75% to 94% 
of the patients with these templates (49,51). Further 
description of the anatomy of the lumbar nerves led to 
the ability to “spare” these nerves on the side of the 
template dissection, while the other side continued to 
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remain undisturbed. Follow-up studies from centers of 
excellence have now shown that normal ejaculation 
can be preserved in nearly 100% of the cases (52), and 
while short-term morbidity and complications are 
present in 14% to 23% (38), long-term morbidity is 
negligible. 

If patients have small-volume positive lymph 
nodes at RPLND, they can choose between two 
treatment options that offer the same >99% cure rate: 
two immediate cycles of chemotherapy, or observation 
and four cycles of chemotherapy are case of recurrence 
(45,53,54). If the patient opts for observation, approxi- 
mately 50% will recur, and therefore the other 50% 
would be cured by their RPLND alone. If two immedi- 
ate cycles of chemotherapy are selected, the cure rate is 
99%, but 50% of the patients would have received 
unnecessary chemotherapy. If observation is selected, 
there is a 50% chance of not needing any further treat- 
ment but also a 50% chance of needing four cycles of 
chemotherapy, which is significantly more toxic both 
in the long and short term when compared to only two 
cycles. Under this observation scheme, recurrence in the 
retroperitoneum has been documented but is rare; 
therefore, the follow-up protocol can reasonably include 
only serum markers and a CXR. 

Based on the data presented thus far, RPLND 
would seem to be the treatment of choice. RPLND is 
diagnostic, therapeutic for some, minimizes the need 
for chemotherapy (see toxicity discussion below), and 
has minimal long-term morbidity. Follow-up studies 
have shown, however, that approximately 10% of 
RPLND-negative patients will have a recurrence (55), 
including up to 2.7% in the retroperitoneum, accord- 
ing to a multicenter study (56). In these cases, four 
cycles of chemotherapy are required despite surgical 
efforts to avoid them. Of all treatment choices, four 
cycles of chemotherapy have the most significant 
long-term morbidity, including adverse effects on fer- 
tility, and cardiac, GI, peripheral nervous, renal, and 
secondary cancers. Therefore, minimizing the chance 
of needing four cycles of chemotherapy is a worth- 
while goal. If 30% of surveillance patients need four 
cycles and 10% of RPLND patients need four cycles, 
then the net benefit of RPLND is reduced to 20%. 

Immediate chemotherapy for stage I NSGCT was 
introduced with the idea of eliminating the need for 
RPLND and four cycles of chemotherapy. As men- 
tioned, four cycles are associated with significant long- 
term morbidity and increased risk of secondary 
cancers. Two cycles are associated with fewer effects 
on spermatogenesis; however, the long-term morbid- 
ity and secondary cancers are far less studied. A few 
centers have designed trials whereby stage I NSGCT 
patients receive two cycles of immediate chemother- 
apy. At a median of 93 months of follow-up, Studer et 
al. (57) reported that 57 of 59 patients were recurrence- 
free and there were no disease-specific deaths in a 
cohort of patients with high-risk stage I (vascular inva- 
sion, embryonal cell predominant, primary tumor 
growth beyond the testis—see Risk Assessment below). 
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These results are equivalent to RPLND and observa- 
tion; however, under this scheme, up to 70% of the 
patients received unnecessary chemotherapy. 

An interesting, new combination of the above 
treatment paths is laparoscopic RPLND, which has 
been reported at a few high-volume centers of exper- 
tise (58,59). Both right and left template dissections 
have been performed. Since the therapeutic ability of 
the procedure has not been fully evaluated, patients 
with node-positive disease have undergone two cycles 
of chemotherapy. The learning curve for this proce- 
dure is very steep, and therefore more studies will be 
required to prove whether this minimally invasive 
procedure is an effective method of properly staging 
patients so that chemotherapy is only instituted when 
necessary (60). Currently, laparoscopic RPLND does 
provide an option whereby chemotherapy is given 
with histological documentation of node-positive 
disease. Future techniques will need to address 
the ability to spare nerves in addition to a template 
dissection. 

What is the best treatment path for stage I 
NSGCT? As stated, there is no simple answer, but 
review articles elaborating these debates have recently 
been published (57,61). All three modalities have very 
high cure rates of greater than 99%. Therefore, side 
effects, long-term toxicity, and secondary cancers may 
be the determining issues. Currently, there is not 
enough data to know the long-term toxicity of immedi- 
ate chemotherapy. Laparoscopic RPLND is a mini- 
mally invasive method of pathologic staging but has 
not been proven therapeutically. Therefore, these 
modalities should be restricted to clinical trials at this 
time. For motivated and compliant patients with low 
risk factors for node-positive disease, surveillance is a 
rational approach. For the remainder, RPLND offers 
staging and a chance for curing limited stage II disease. 
All patients need careful counseling, informed consent, 
and a careful follow-up for metastatic as well as 
contralateral testis recurrence. 


Risk Assessment of Testicular 
Germ-Cell Cancer 


The above discussion presents the overall data for each 
treatment plan and a simplified template to compare 
each one. A key statistic is the fact that 30% of patients 
with clinical stage I NSGCT who undergo surveillance 
will have a recurrence; however, additional data is 
now available that enables physicians to further strat- 
ify this risk based upon the specifics of the orchiectomy 
specimen. Four risk factors for metastatic disease have 
been identified: predominately embryonal cell histol- 
ogy, vascular invasion, lymphatic invasion, and 
absence of yolk sac elements (22,62). With multiple 
criteria present, patients may have above 50% chance 
of recurrence. No absolute prediction of occult meta- 
static disease is available. These risk factors may be 
utilized, however, to argue for one treatment path over 
another. Surveillance, for example, may not be the best 


treatment plan for higher risk patients. Such patients 
may be recommended for RPLND or immediate 
chemotherapy, depending upon one’s evaluation of 
the risks /benefits of each treatment. 


Treatment of Stage II-III NSGCT 


Stage II is subclassified into IIA, IIB, and IIC, based 
upon the volume of positive lymph nodes and serum 
markers (Tables 2 and 3). RPLND is a treatment option 
for stages ITA and IIB for two reasons: (i) overstaging is 
possible (i.e., enlarged radiographic nodes were patho- 
logically negative) in approximately 25% (45,63) of the 
cases and (ii) surgical removal of low-volume retro- 
peritoneal disease is curative in 50% of the cases. 
At most centers, stage IIC is treated the same as stage 
IlI—cisplatin-based chemotherapy—and IIA and IIB 
may also be treated by primary chemotherapy. 

Ideally, stage IIC and III disease treated with che- 
motherapy results in complete resolution of the mass 
on imaging and normalization of serum markers. If 
markers do not resolve, two more cycles and other 
high-risk protocols may be necessary. In select patients 
who undergo postchemotherapy RPLND with ele- 
vated markers, cure is possible, with a five-year overall 
survival of 53%. Predictors of poor survival included 
marker status, repeat RPLND, and viable germ-cell 
cancer in the specimen (64). Another scenario for nearly 
50% of bulky abdominal masses is the normalization of 
serum markers but incomplete resolution of the mass. 
Resection of these postchemotherapy masses yields 
one of four entities: (i) necrosis, (ii) teratoma, (iii) germ- 
cell carcinoma, or (iv) non-germ-cell cancer (rare) (65). 
The typical distribution is 50% necrosis, 40% teratoma, 
and 10% GCT (66). 

If GCT is found in the mass, surgery can be cura- 
tive, but more often, two additional cycles of chemo- 
therapy are given. RPLND is the only means of curing 
residual teratoma, as such masses are resistant to che- 
motherapy, may cause local tissue destruction, or 
worse, degenerate into non-germ-cell cancers, which 
are also chemotherapy resistant. If necrosis is found, 
the procedure may be considered diagnostic but non- 
therapeutic. Thus, it is desirable to be able to predict 
the pathology of a postchemotherapy residual mass. If 
teratoma was present in the orchiectomy specimen, the 
chance of teratoma in the postchemotherapy mass, 
despite normalized markers, is greater than 80% (67). 
Therefore, only patients with no teratoma in their 
orchiectomy specimens should be considered for 
observation of a postchemotherapy residual mass. This 
decision remains debatable, with different recommen- 
dations from major centers depending upon the 
amount of tumor shrinkage, prechemotherapy size, 
and postchemotherapy size (65,68). A less common 
scenario is the simultaneous presence of postchemo- 
therapy abdominal and chest masses. Attempts have 
been made to show that if necrosis is found in the 
abdominal specimen, then necrosis is likely in the chest 
mass and may therefore be omitted. Unfortunately, the 


prediction of necrosis is not better than 90%, and there- 
fore most centers will recommend surgical resection of 
all areas of radiographic disease (65). 

Although staging systems are important in deter- 
mining treatment strategies, experience has shown 
that patients can be categorized into good, intermedi- 
ate, and poor-risk categories, with a dramatic effect 
on cure rates: 92%, 80%, and 48%, respectively 
(Table 4) (69). Thus, most patients can be started on 
standard cisplatin-based chemotherapy, but some 
intermediate- to poor-risk patients will need addi- 
tional chemotherapy strategies available in the context 
of clinical trials (70). 


Fertility Issues in GCT 


The majority of men with GCT are subfertile at diagno- 
sis, with postorchiectomy sperm counts of less than 
20 million/mL (71). Possible explanations include 
underlying systemic disease, contralateral testis CIS, 
endocrine or autoimmune effects, and psychological 
issues (72). Petersen et al. (73) studied men with GCT, 
lymphoma (nontesticular), and normal controls and 
found that men with GCT had impaired spermatogen- 
esis and higher serum FSH, but men with lymphoma 
and normal controls had neither. Thus, impaired sper- 
matogenesis is often present in the contralateral testis, 
and a systemic tumor effect was not seen in the lym- 
phoma controls. Sperm counts are also lower in men 
with only CIS (74). There is evidence that following 
orchiectomy, sperm counts can improve within the 
first year; however, an elevated FSH is associated with 
incomplete recovery of spermatogenesis (75). 

Treatment for GCT also carries the risk of changes 
in fertility. RPLND is associated with significant ejacu- 
latory dysfunction if a bilateral template is used. For 
stage I patients treated by modern nerve-sparing tem- 
plate dissection techniques, however, nearly 100% of 
ejaculatory function is preserved, and a 76% pregnancy 
rate was achieved in a large study (52). Ejaculatory 
function can also be spared after postchemotherapy 
RPLND in very select patients; however, the results 
are not as successful (76). 

Three to four cycles of cisplatin-based chemo- 
therapy have toxic effects on spermatogenesis, which 
vary by dose and duration of treatment, stage of dis- 
ease, baseline testis function, and age and health of the 
patient (72). Cullen et al. (77), however, found no 
difference in pre- and posttreatment semen with only 
two cycles of BEP. 

Spermatogenesis can recover after chemother- 
apy. Nijman et al. (78) found that in a group treated 
with chemotherapy with and without RPLND, 73% 
were oligospermic at baseline, with this figure increas- 
ing to 84% after one year but then decreasing to 48% at 
two years. The same trend was noted for azoospermia: 
4% at baseline, 48% at one year, then 28% at two years. 
Hansen et al. (79) found that paternity was still nega- 
tively affected after chemotherapy compared to stage I 
NSGCT treated by orchiectomy alone. Analysis of 
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children born to patients treated by chemotherapy has 
not shown increased risk of birth defects compared to 
those with NSGCT managed by surveillance and con- 
trols (80). Genetic sperm abnormalities, however, were 
increased by five times during and 100 days after com- 
pleting chemotherapy for Hodgkin’s disease (81), and 
therefore, conception and sperm banking should be 
avoided during and three months after chemotherapy 
treatment (72). 

Prior to chemotherapy or RPLND, patients 
should be counseled on the fertility effects of treatment 
and offered cryopreservation of sperm for future fertil- 
ity. Hallak et al. (82) recently evaluated sperm cryo- 
preservation in GCT patients and normal controls and 
found that GCT had lower prefreeze and post-thaw 
motile sperm counts compared to normal specimens, 
but the percentage change of pre- and post-thaw was 
not different. Histologic features and stage did not 
affect sperm quality. With or without cryopreserva- 
tion, infertile males with a history of testis cancer have 
a number of infertility treatments available to them, 
such as rectal probe electroejaculation or sperm aspira- 
tion in conjunction with in vitro fertilization (IVF) or 
intracytoplasmic sperm injection (ICSI), as indicated. 


Long-Term Side Effects of Treatment for 
Testis Cancer 


An important issue that needs to be discussed with all 
patients undergoing chemotherapy is the long-term 
side effects. For patients with metastatic disease, che- 
motherapy offers remarkable cure rates compared to 
the pre-cisplatin era and greatly outweighs the risks of 
long-term side effects. Long-term side effects, how- 
ever, may be of greater significance in cases of adju- 
vant therapy such as the proposed two cycles of 
chemotherapy for stage I, or low-volume resected stage 
II disease. Side effects may include nephrotoxicity, 
renovascular hypertension, peripheral vascular effects 
such as Raynaud’s phenomena, cardiovascular events, 
peripheral neuropathy, hearing loss, and pulmonary 
toxicity. Radiation therapy patients typically have a 
low incidence of GI and cardiopulmonary side effects. 

In addition to the fertility effects discussed, testis 
cancer may relapse (greater than two years after treat- 
ment) in 1.5% to 6% of patients (83). Having had an 
initial bulky teratoma may increase this risk (84). 
Contralateral germ-cell testicular tumor may develop 
in up to 4% of the patients (83). Patients are also at 
increased risk of secondary malignancies including 
leukemia (most common), lymphoma, sarcoma, 
melanoma and skin tumors, and solid tumors of the 
GI, lung, and urothelial tract (83). In a summary of 11 
population-based registries, testis cancer survivors 
had 30% more tumors than expected for the general 
population (85). 


Conclusion 


Testicular carcinoma is a rare cancer in the overall 
scope of cancer incidence but is the most common type 
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seen in men less than 35 years of age. The work-up 
consists of a careful history and physical examination, 
ultrasound of the scrotum, tumor markers, and imaging 
studies. Radical orchiectomy provides therapeutic and 
diagnostic benefit. Depending upon primary tumor 
pathologic stage, histology, markers, and imaging, 
patients may be carefully selected for close observa- 
tion, radiation, chemotherapy, or RPLND. Overall cure 
rates are excellent, and much progress has been made 
to minimize treatment morbidity. 


O CARCINOMA OF THE PENIS 


In this section, the management of localized penile 
cancer will be reviewed. The treatment of the local 
lesion will be discussed and an approach formulated 
for managing the regional lymph nodes. It is critical 
to recognize that appropriate treatment of inguinal 
nodal metastatic deposits may achieve long-term 
cure, whereas delayed or inappropriate treatment may 
be lethal. 


Epidemiology 


The etiology of penile cancer is multifactorial, but the 
uncircumcised penis is predisposed to development of 
the disease. It is hypothesized that glandular secre- 
tions, termed smegma, which accumulate within the 
preputial sac, are irritating and carcinogenic. Although 
careful penile hygiene may reduce the risk of penile 
cancer, such hygiene is rarely achieved in many areas 
of the world. Consequently, in certain South American, 
Asian, and African countries, the incidence of penile 
cancer is quite high and may represent the most 
common male malignancy in those areas. Contrast this 
with the extraordinarily low incidence of carcinoma of 
the penis in the United States, where it comprises less 
than 1% of all male malignancies that occur annually. 
Because of the rarity of this disorder in the United States 
and Europe, much of the information about treatment 
of this cancer is based upon the experience of urologists 
in Puerto Rico, South America, Asia, and Africa. 

With regard to circumcision, it is noted that a 
great deal of tension and conflict has long surrounded 
this neonatal surgical procedure. In 1971, the American 
Academy of Pediatrics stated that “there was no valid 
medical indication for neonatal circumcision.” In 1988, 
this statement was modified, recognizing that neonatal 
circumcision lowered the incidence of urinary tract 
infection in the newborn male, reduced the incidence 
of sexually transmitted diseases (STDs) in the adult 
male, and had a role in preventing penile cancer. The 
American Academy of Pediatrics has therefore stated 
that parents need to be advised: “Newborn circumci- 
sion has potential medical advantages as well as disad- 
vantages and risks” (86). Circumcision certainly 
represents the only surgical procedure that can pre- 
vent the development of cancer in an organ without 
sacrificing the organ itself. 


Another important etiological factor is the human 
papilloma virus (HPV), specifically serotypes 16, 18, 
31, 33, and 35 (87). Although the virus is not present in 
every penile cancer, about two-thirds of men with 
penile cancer do have evidence of HPV infection. In 
addition, there is a link between the incidence of HPV- 
related cervical cancer and HPV infection and penile 
cancer in the male consort. 


Natural History 


Carcinoma of the penis usually begins with a small 
ulcerative lesion on the glans, corona, or shaft that 
gradually extends to involve the entire glans, shaft, 
and corpora, with a necrotic, disfiguring process that if 
left untreated can lend to autoamputation. The initial 
lesion may be hidden by the foreskin and may range in 
appearance from a relatively nondescript area of 
abraded skin to a deeply excoriated ulcer. 

CIS, sometimes referred to as Erythroplasia of 
Queyrat when it affects the glans or prepuce and as 
Bowen's Disease when it involves the shaft or scrotum, 
may also be the presenting lesion. This usually appears 
as a velvety, slightly raised pink or reddish area of 
skin. The epidemiology and natural history of penile 
CIS parallel those of early carcinoma of the penis. 

The route of metastatic spread from penile cancer 
is quite predictable. Lesions of the prepuce or glans 
metastasize to the superficial inguinal nodes and those 
of the shaft or shaft structures to the deep inguinal and 
pelvic nodes. Among patients who have invasive car- 
cinoma, 40% to 80% have palpable inguinal adenopa- 
thy at initial diagnosis. Because concurrent infection is 
often present, it may be difficult to delineate metasta- 
ses from inflammatory lymphadenitis. Approximately 
50% of adenopathy proves secondary to metastases; 
the balance is due to inflammatory reaction. Clinically 
detectable distant metastases to lung, liver, bone, and 
brain are uncommon and found in only 1% to 10% of 
the patients. 

Carcinoma of the penis has a relentless, progres- 
sive course. Untreated, most patients die within two 
years of diagnosis. There have been no cases reported 
of spontaneous regression of this disease. 


Making the Diagnosis 


Critical to planning for treatment of carcinoma of the 
penis is first identifying the malignant histology, the 
grade of the tumor, and its depth of invasion. This 
requires microscopic analysis of a generous biopsy 
specimen that ideally includes adjacent normal skin 
for comparison. Biopsy and extirpative treatment can 
be separate procedures, but biopsy with confirmation 
of tumor by frozen section immediately followed by 
limited partial or total amputation is an accepted and 
efficient way to simultaneously diagnose and treat car- 
cinoma of the penis. All patients undergoing such pro- 
cedures should have full informed consent to permit 
proceeding with whatever appropriate surgery may be 
required. 


Identification of the tumor stage and grade is 
essential to subsequent treatment and planning. Penile 
tumors that are low in stage and low in grade are asso- 
ciated with low metastatic potential and can be fol- 
lowed up with periodic examination of inguinal nodes 
for abnormality. High-grade tumors are frequently 
associated with regional nodal metastases (88). The 
strongest prognostic indicator for survival is the pres- 
ence and extent of nodal metastasis and adequacy of 
their excision (89). Therefore, patients with high-grade 
or high-stage tumors are best treated with a prompt 
inguinal node dissection once control of the primary 
tumor and any associated infection has been achieved. 

Recent developments in MRI imaging using a 
lymphotropic nanoparticle-enhanced technique shows 
promise in detecting inguinal metastases with an accu- 
racy previously unavailable. Although not yet widely 
available, this technique may revolutionize the work- 
up and management of patients with invasive penile 
cancer (90). 


Treating Local Penile Lesions by 
Stage of Presentation 

CIS (Eryhtroplasia of Queyrat or 
Bowen’s Disease) 


Intraepithelial neoplasia or genital squamous CIS is, as 
mentioned previously, often labeled Bowen's Disease or 
Erythroplasia of Queyrat. The histopathology is identical 
(91). Enough (multiple) confirmatory punch biopsies 
should be taken to rule out invasive squamous 
carcinoma. 

When CIS (Tis) lesions are small and noninva- 
sive, local excision (sparing the anatomic structure and 
function of the penis) is usually curative. Circumcision 
suffices if the lesion is limited to the prepuce. Mohs’ 
micrographic surgery (discussed in detail below) is 
another surgical option in selected cases. Radiation 
therapy can be successful in eradicating the lesion. 
Appropriately planned and delivered, it causes mini- 
mal morbidity. Topical 5-fluorouracil cream and laser 
therapies (CO, or Nd:YAG) have been used with good 
therapeutic and cosmetic success. 


Treatment of Other Local Penile Lesions 


Amputation by partial or total penectomy has been the 
gold standard for the management of localized penile 
cancers. The potential disfigurement and loss of func- 
tion, however, has encouraged development of organ- 
sparing techniques such as partial excision or Mohs’ 
surgery. Other noninvasive methods that employ X 
ray, laser, or cryosurgical destruction have also been 
explored. The primary goal of any treatment remains 
complete eradication of the primary tumor. 


Conventional Surgery 


For lesions that involve the glans and distal shaft, even 
when apparently superficial, partial amputation, 
with a 2-cm margin proximal to the tumor, has been 
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advocated to minimize local recurrence. A recent series 
reported no local recurrences were seen after 
total amputation. After partial amputation, the rate 
of local recurrence remains acceptably low, at about 
5%. Treatment by circumcision or local wedge excision 
has been associated with rates of recurrence that 
approach 50%. 


Mohs’ Micrographic Surgery 


Mohs’ micrographic surgery is a technique to remove 
skin cancer by excising tissue in thin layers (92). It 
includes color coding of the excised specimens with 
tissue dyes, accurate orientation of the excised tissue 
through construction of tissue maps, and microscopic 
examination of the horizontal frozen sections. 

The Mohs’ technique is an attractive therapy for 
selected cases of carcinoma of the penis. It can trace out 
silent tumorous extensions, its cure rate equals that of 
more radical surgical techniques, and it allows maxi- 
mum preservation of normal, uninvolved tissue. This 
technique has been used frequently and successfully to 
excise squamous cell carcinoma from other areas— 
e.g., ear, nose, and lip—with excellent cosmetic results. 
Therefore, its application to the penis is logical and 
appropriate if performed by a surgeon skilled in the 
methodology and if thoughtful patient selection is 
observed. 

Micrographic surgery has seemed ideally suited 
for treating small, distal carcinomas with a high cure 
rate in lesions less than 1 cm in diameter but decreas- 
ing in those greater than 3 cm in diameter (93). Healing 
after Mohs’ micrographic surgery is by secondary 
intention. Meatal stenosis may complicate the postop- 
erative course and may occasionally produce signifi- 
cant glans deformity. 

If the proximal penile shaft is involved, total 
penectomy with perineal urethrostomy will be 
required. For more advanced tumors marked by local 
extension to the scrotum or pubis, combination chemo- 
therapy followed by surgery may be successful in 
controlling the disease or in converting a potentially 
unresectable lesion into one amenable to surgery (94). 
In rare instances, hemipelvectomy may merit consid- 
eration (95). 


Laser Surgery 


This modality has been used to treat stages Tis, Ta 
(non-invasive carcinoma), T1, and some T2 penile can- 
cers. A potential advantage of laser therapy is that it 
destroys the lesion while preserving normal structures 
and function. The depth of destruction by a laser beam 
may be difficult to determine, however, making 
accurate histologic documentation of the depth of 
malignant penetration impossible. The tumor must, 
therefore, be staged adequately by taking deep biopsies 
before applying the laser. 

Tis tumors can be treated with any common surgi- 
cal laser. The Nd-YAG laser, because of its greater pene- 
tration, has been used to treat T1 and T2 tumors (96). 
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Radiation Therapy 


The sole advantage of initial radiation therapy over 
initial surgery is that it preserves penile anatomic 
structure and function. However, this may also be 
achieved with the aforementioned organ-sparing 
surgeries. The primary indications for radiation ther- 
apy are small lesions in those patients who refuse 
surgical treatment or for local palliation in patients 
with advanced disease. 

In many patients, radiation therapy is not ideal 
for several reasons. Squamous cell carcinoma is char- 
acteristically radioresistant; consequently, the dose 
needed to sterilize deeply infiltrating penile tumors 
often causes complications—e.g., pain and meatal/ 
urethral stricture—that may require secondary penec- 
tomy. Additionally, the lengthy treatment schedule of 
three to six weeks may be formidable for an elderly 
patient. In contrast, partial penectomy, which can be 
done under local anesthesia, is relatively simple and 
expeditious. 

Furthermore, long-term follow-up to detect 
recurrence is challenging. It is often difficult to distin- 
guish tissue changes from radiation from recurrent 
disease. Long-term close follow-up in conjunction with 
interval computerized tomography of the groins is 
mandatory. In a report of a small series of 11 patients 
treated with radiation, seven (63%) recurrences 
were detected after two years and two additional 
(18%) occurrences after five years (total rate of recur- 
rence, 82%) (97). 


Issues in Treating Inguinal Node Metastases 


Nodal metastases affect the prognosis more than tumor 
grade, gross appearance, or morphologic and micro- 
scopic patterns of the tumor. The management has 
been a long-time surgical dilemma as controversy sur- 
rounds the timing and extent of inguinal surgery. 
Several important questions must be addressed: 


What are the contemporary guidelines for proceeding with 
inguinal lymphadenectomy and for following up the patient 
with penile cancer expectantly? 

Patients with well-differentiated tumors (Grade I or 
II) that are limited to the penile skin and do not involve 
the corpora or the spongiosal or urethral tissues and 
who have palpably negative inguinal lymph nodes 
are candidates for expectant follow-up. Patients must 
be absolutely reliable regarding close interval 
follow-up. 

Patients with grade II (moderately differentiated) 
lesions that demonstrate any degree of invasion or any 
patient with grade III (poorly differentiated) tumor 
should undergo modified bilateral inguinal lymphad- 
enectomy (98). 


Should lymphadenectomy be performed in the presence of 
clinically palpable inguinal nodes after appropriate treat- 
ment of the primary lesion and resolution of inflammation? 
Absolutely. Five-year disease-free survival occurs in 
20% to 50% of patients who are treated by inguinal 
node lymphadenectomy in the presence of clinically 


palpable adenopathy and histologically proven ingui- 
nal node metastases. One U.S. study reported 82% 
five-year survival after lymphadenectomy in a series 
of patients who had one positive node (89); another 
study from Norway found 88% five-year survival after 
lymphadenectomy for patients who had minimal 
nodal metastases (97). 


Should inguinal lymphadenectomy be routine in patients 
who have a clinically negative groin examination at presen- 
tation of the primary lesion? 

This question invites the most controversy. Early com- 
plications of phlebitis, pulmonary embolism, wound 
infection, and flap necrosis as well as the long-term 
later complication of lymphedema can occur after 
inguinal lymphadenectomy and have traditionally 
made surgeons reticent about recommending groin 
dissection in every patient with penile cancer. In the 
last decade however, postoperative complications 
have been diminished by improved preoperative and 
postoperative care and modification of the extent of 
node dissection to include preservation of the dermis, 
Scarpa’s fascia, and saphenous vein (98). 

The incidence of occult metastases to inguinal 
nodes has been reported to be 2% to 25% in patients 
with penile carcinoma in whom inguinal examination 
is clinically negative. Which patients, then, should be 
subjected to groin dissection, and which can be fol- 
lowed up expectantly? Several recent studies compar- 
ing immediate adjunctive lymphadenectomy with 
delayed lymphadenectomy after expectant follow-up 
have helped to clarify this issue. 

First, in a series of 23 patients who had invasive 
primary lesions and nonpalpable nodes, those patients 
who had immediate adjunctive lymphadenectomy and 
positive nodes had a survival rate of 88%. In the por- 
tion of the group followed up with surveillance, in 
which delayed lymph node dissection was performed 
only when nodes became palpable, only 38% survived 
five years. It is also important to note that patients in 
this study who presented with palpable inguinal nodes 
at diagnosis (and thus might be considered as having 
more advanced disease at presentation), who were 
treated with immediate lymphadenectomy had a five- 
year survival rate of 66% (99). 

In a second study, immediate adjunctive lymph- 
adenectomy resulted in a five-year, disease-free 
survival in six of nine (66%) node-positive patients, 
compared to 1 of 12 (8%) patients who had been 
followed up and treated by delayed therapeutic lymph- 
adenectomy (100). 

Finally, a study of patients at M.D. Anderson 
Cancer Center in Houston reported a five-year sur- 
vival of 57% with early lymphadenectomy but only 
13% when lymphadenectomy was delayed (101). 


Should inguinal lymphadenectomy be bilateral, rather than 
unilateral, for patients who have unilateral adenopathy at 
first presentation of the primary tumor? 

A bilateral inguinal lymphadenectomy should be 
performed. The anatomic crossover of lymphatics 
at the base of the penis is well established. Clinical 


support for a bilateral procedure is based on the find- 
ing of subclinical contralateral metastases in more than 
50% of the patients so treated (102). 


Should pelvic lymphadenectomy be performed in patients 
who have positive inguinal metastases? 

Yes. Iliac nodes have been found positive for tumor 
metastases in 15% to 30% of patients who have posi- 
tive inguinal nodes (89). Survival among patients who 
have positive pelvic nodes, although limited, has been 
documented (86,95). The procedure is reasonable for a 
young man who is a good surgical risk. 


How effective is chemotherapy? 

Neoadjuvant and adjuvant protocols were employed 
in studies at the National Cancer Institute of Milan 
(103). A protocol of 12 weekly courses of vincristine, 
bleomycin, and methotrexate was instituted as adju- 
vant therapy for 12 patients after lymphadenectomy 
and for 5 patients before node dissection, as neoadju- 
vant therapy. Those treated with adjuvant chemother- 
apy were considered high risk—nine showed 
extranodal tumor growth, five had pelvic node involve- 
ment, and five had bilateral metastases. At follow-up 
(range 18-102 months), only one patient had had a 
recurrence. In the five patients who had large nodal 
tumor metastasis ranging from 6 to 11 cm in diameter, 
three achieved a partial response, were successfully 
resected, and were disease-free at follow-up between 
20 and 72 months. 


Reconstruction after Penectomy 


Once the patient who has undergone partial or total 
penectomy is proved free of recurrent disease, he may 
be a candidate for penile reconstruction. At the Eastern 
Virginia Medical School, surgeons have been quite 
successful using free-flap reconstruction with an upper 
lateral arm flap. This flap is an excellent source of rela- 
tively nonhirsute thin epithelium that has a depend- 
able cutaneous neural and vascular supply, which 
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provides the reconstructed penis with erogenous sen- 
sibility (104). Furthermore, successful microvascular 
free-flap techniques for tissue transfer demonstrate 
that one-stage penile reconstruction is possible. 


Inguinal Reconstruction Following 
Node Dissection 


Changes in the technique of lymph-node dissection 
and the choice of incision have limited the complica- 
tions that were once seen after lymph-node dissection. 
Skin loss is usually minimal; it can be covered with a 
split-thickness graft. When skin loss is deeper or when 
a large cuticular area must be excised, more substantial 
tissue transfer may be required. A number of local 
flaps can be transposed into these defects. The gracilis 
musculocutaneous unit is totally expendable and easily 
transposed into a groin defect. 

When a large flap is required, the tensor fascia 
lata musculofascial cutaneous system is excellent. The 
vastus lateralis can be transferred as muscle flap sepa- 
rately from the tensor fascia lata flap. Other sources of 
tissue to cover a groin defect include the inferiorly 
based rectus abdominus musculocutaneous flap and 
the rectal femoris musculocutaneous flap for difficult 
groin problems. The pedical omental flap may also 
represent a viable alternative for coverage (105). 


Conclusion 


Squamous carcinoma of the penis is an uncommon but 
potentially devastating cancer that is often curable 
when involvement is limited to local disease and early 
nodal metastases. Success in treatment is achieved by 
careful initial pathologic evaluation, close follow-up, 
careful staging, and appropriate treatment of the ingui- 
nal and pelvic nodes when indicated. Management of 
advanced local disease and metastatic disease is diffi- 
cult, although some survivals have been achieved with 
extensive surgery and with chemotherapy. 
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O INTRODUCTION 


Diseases of the prostate are remarkably common, 
especially in the older male. Benign enlargement of the 
prostate affects over 50% of the male population 
between the ages of 51 and 60 years, and more than 
80% of men by age 80 (1,2). Prostate cancer is now the 
most commonly diagnosed malignancy and second 
most common cause of cancer death in men in the 
United States (3). As the male lifespan, at least in the 
Western world, continues to increase, diseases associ- 
ated with the prostate are likely to become more sig- 
nificant. This chapter discusses the most common 
disorders of the prostate: hyperplasia, cancer, and 
prostatitis. 


O BENIGN PROSTATIC HYPERPLASIA 


Benign prostatic hyperplasia (BPH) is the most 
common nonmalignant tumor in males. A disease 
associated with aging, this nonmalignant overgrowth 
of the gland obstructs bladder outflow due to narrowing 
of the urethra, disturbing micturition. The associated 
symptoms are a source of serious morbidity. Approxi- 
mately one-fifth of all men who live into their eighth 
decade will require surgical intervention to alleviate 
the symptoms and complications that arise from this 
disease (4,5). 


Incidence of BPH 


More than 80% of men will develop hyperplastic 
changes of the prostate by the age of 80 (1). Of these men 
(6), 50% will have suffered urodynamic consequences, 
as defined by the “American Urology Association 
Symptom Score” (7), by middle age. Of all men who live 
to 80 years of age, 20% to 25% will require surgical inter- 
vention to alleviate these symptoms (4,5). 

Racial and ethnic variations in symptom severity 
and need for surgery exist and are summarized in 
Table 1. No difference in risk of high-moderate to 
severe lower urinary tract symptoms (LUTS) was 
reported among black, Asian, and different white 


participants (Southern European, Scandinavian, and 
other white). Asian men are less likely to require surgi- 
cal intervention. Southern European men had increased 
risk for surgery and high-moderate to severe symp- 
toms compared to other white men (8,9). 


Pathology of BPH 


Hyperplastic changes begin to develop at approxi- 
mately 30 years of age (2,10). Histologically, the normal 
prostate exhibits distinct differences in the appearance 
of the central zone, the transition zone, and the periph- 
eral zone. In the central and transition zones, the stroma 
is interlaced with compact bundles of smooth muscle, 
while the peripheral zone exhibits a loose stroma 
(Fig. 1). Benign hyperplasia of the prostate is primarily 
the result of overgrowth of this stromal tissue in the 
transition and central zones of the prostate (Fig. 2). In 
the hyperplastic prostate, the stromal compartment can 
be fourfold heavier than that of normal tissue (11) and 
is nodular in distribution, causing a partially solid and 
partially micro- or macrocystic character. Stromal nod- 
ules of three distinct types have been described (12): (i) 
stromal, (ii) fibromuscular, and (iii) muscular. All three 
types can occur simultaneously (11). The majority of 
early periurethral nodules are purely stromal in charac- 
ter, resembling embryonic mesenchyme (13). 

Glandular components of the normal prostate 
consist of secretory epithelium, separated from the 
stroma by a layer of flattened elongated basal cells 
(Fig. 1). Hyperplastic growth of the glandular compo- 
nents occurs secondary to development of the disease 
in the stroma. Hyperplasia of the secretory epithelium 
is characterized by two common patterns: (i) intrag- 
landular papillae with projections supported by a very 
narrow stromal component (Fig. 3) and (ii) cribriform 
formations (Fig. 4). Secretory activity of the hyper- 
plastic glandular component is reduced (14). Basal- 
cell hyperplasia may also occur in glandular nodules, 
with small foci of basal-cell proliferation within hyper- 
plastic acini. The integrity of the basal-cell portion is 
always maintained, however, in contrast to incidences 
of prostate cancer, in which the basal-cell layer is 
often absent. 
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Table 1 Relative Risks for Surgery or Severe Symptoms Among Different Races/Ethnicities 


Afro- 
White American 
Relative risk of surgery 1.0 0.52 
Relative risk of high 1.0 1.1 
moderate/severe 
symptoms 


Southern Other 
Asian European Scandinavian White 
0.41 1.28 0.96 1.00 
0.94 1.34 0.84 1.00 


Note: Adjusted for age, smoking, alcohol consumption, body mass index, and level of physical activity. 


Source: From Ref. 8. 


Figure 2 Histology of benign prostatic hyperplasia. Arrow indicates 
stromal hyperplasia. Bar represents 100 um. 


Hyperplastic changes alone do not necessarily 
result in urinary symptoms. Additional factors are 
required, such as prostatitis, vascular infarcts, or an 
increase in the tensile strength of the glandular capsule 
(7). Most significantly, an increase in the stromal 
smooth-muscle tone is associated with benign prostatic 
disease. This contributes to bladder outflow obstruc- 
tion (15) and may lead to bladder trabeculation and 


Figure 3 Histology of benign prostatic hyperplasia. Arrows indicate 
papillary epithelium and arrowhead indicates stromal nodule, bar 
represents 100 um. 


Figure 4 Histology of benign prostatic hyperplasia. Arrows indicate 
cribriform epithelium. Bar represents 100 um. 


associated chronic bladder infection. Approximately 
50% of the total urethral pressure in BPH patients is 
due to o-adrenergic receptor-mediated increased 
muscle tone (16,17). The density of the a-adrenergic 
receptors that determines prostate tone (18) is increased 
in hyperplastic stroma (19,20). 

Evidence indicates that BPH is not related to the 
development of prostate cancer, even though the two 
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conditions share similar risk factors and hormonal 
environments. This may be a reflection of the fact that 
BPH is predominantly a disease of the transitional and 
central zones of the prostate, while prostate cancer 
develops in the peripheral zone (21). 


Etiology of BPH 


Several theories have been proposed to explain the eti- 
ology of BPH. The following were outlined by Isaacs 
and Coffey (2): 


m Dihydrotestosterone (DHT) hypothesis: changes in 
androgen metabolism that occur with aging cause 
an increase in prostatic DHT. 

m Stem-cell theory: increasing total 
number. 

m Embryonic reawakening theory: changes in the 
stromal-—epithelial interactions occur with aging. 


stem-cell 


It is likely that the disease process involves all 
these factors, but it is presently unclear which of these 
is the most important. 


Role of Steroids in BPH 


It is well accepted that androgens have an important 
role in the pathogenesis of BPH. Regression of the fully 
developed disease is achieved by castration (11). 
Furthermore, castration prior to puberty prevents 
prostate growth as do androgen-related genetic disor- 
ders (22,23). The content of DHT in the prostate has 
been reported to be elevated three- or fourfold in cases 
of BPH (24,25). These studies, however, compared 
normal tissue obtained at autopsy with BPH tissue 
obtained by biopsy. Walsh et al. (26) showed that tissue 
taken at autopsy had artificially reduced DHT content. 
Subsequent studies have shown that total prostatic 
concentrations of DHT in BPH tissue are not elevated 
above those of normal tissue (26,27). In fact, DHT con- 
centrations are reduced with age, and BPH may occur 
as a consequence of a decline in the ability of epithelial 
cells to convert testosterone to DHT (27,28). Epithelial 
DHT production decreases with age and BPH, while 
stromal DHT concentrations remain constant (27). 
Androgens are thought to regulate the balance 
between cell proliferation and cell death in the normal 
prostate. A disturbance of this balance is apparent in 
BPH. Actions of DHT in maintaining this balance in 
all cells of the prostate are most likely mediated by 
growth factors produced by fibroblasts of the stroma 
(see below “Embryonic Reawakening”). Prostatic 
fibroblast proliferation is stimulated by both DHT and 
by basic fibroblast growth factor (bFGF). bFGF expres- 
sion by fibroblasts is also stimulated by androgen (29); 
however, it is known that bFGF has opposing actions 
(growth arrest and proliferation) depending on dose 
(30) and cell-cycle stage (29). Further, transformation 
of fibroblasts to smooth-muscle cells by bFGF may 
also be regulated by estrogen (31). Androgens sup- 
press the expression of transforming growth factor B 
(TGF8) but stimulate the differentiation of fibroblasts 


to smooth-muscle cells (29). This is paradoxical, as dif- 
ferentiation is thought to be a key step in formation of 
nodular BPH. DHT alone is not sufficient for inducing 
BPH. In the dog, only treatment with DHT plus 
estrogen or estrogen alone causes development of the 
disease (32-36), indicating that a change in the andro- 
gen-to-estrogen ratio is important in the development 
of the disease. Age-related changes in the ratio of 
serum steroids are known to occur. Free plasma tes- 
tosterone (37) and DHT decrease with age (Fig. 5A 
and B), while estradiol concentrations increase (Fig. 
5C) (38,39). More significantly, a decrease in prostatic 
DHT is seen with age (Fig. 5D), but concentrations of 
testosterone and estrogen do not change (28). Although 
changes in estrogen concentrations are debatable, 
there is clearly an age- and disease-associated increase 
in the ratio of prostatic estrogen to DHT (Fig. 5E). The 
change in this ratio is thought to be responsible for the 
induction of hyperplasia (40), with a correlation 
between the degree of steroid imbalance and the rela- 
tive amounts of stromal tissue (28). This is supported 
by the stimulatory effects of estrogen on the stroma 
(41), consistent with BPH being primarily a disease of 
this tissue. 

The conversion of testosterone and androstene- 
dione to estrogen is mediated by aromatase. This 
enzyme is present primarily in the prostatic stroma 
(42), and its activity increases with age (43). Expression 
of estrogen receptors (ERs) is also altered in hyper- 
plastic tissue. In the normal prostate, ERo is present 
only in stromal tissue; however, in hyperplastic tissue, 
10% of the secretory epithelial cells also contain ERa. 
ERB is expressed only in the epithelium of the healthy 
prostate, but expression of this receptor is more than 
doubled in the epithelium of hyperplastic tissue (44). 
The mechanisms by which estrogens contribute to the 
development of BPH remain unclear (45). Recent evi- 
dence indicates that estrogen may stimulate the 
growth of prostatic stromal cells through a pathway 
involving TGFB (31). TGFB is known to inhibit pros- 
tate epithelial growth, but it has both stimulatory and 
inhibitory effects on stromal growth depending on its 
concentration (30). 

Although androgens are thought to mediate their 
actions on the prostate through the production of 
growth factors, there is no clear evidence that estro- 
gens similarly modulate the production of growth fac- 
tors in humans (46). Estrogen deprivation in humans 
has been shown to improve BPH-related symptoms 
and to reduce prostate volume significantly in BPH 
patients, indicating that estrogen has a role in estab- 
lished BPH (47). 


Stem-Cell Theory and Apoptosis 


Isaacs and Coffey (2) proposed that BPH results from 
an expansion of the native stem-cell population in the 
prostate. In the prostate, dormant stem cells divide to 
give rise to transiently proliferative daughter cells that 
are capable of differentiation. These rare events ensure 
that the normal cell complement of the prostate is 
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Figure 5 Hormone changes with age in men. In men, plasma concentrations of testosterone (A) and DHT (B) decrease with age, while levels 
of estradiol increase (C) (38,39). Within the prostate, concentrations of DHT also decrease with age (D), and as can be expected, the ratio of 
estrogen to DHT increases (E) (28). Abbreviation: DHT, dihydrotestosterone. 


maintained. Once a proliferative cell is fully differen- 
tiated, it has a finite life span. The stem-cell theory 
suggests that in the aging prostate, the rate of progres- 
sion toward the terminally differentiated state is 
slowed. This results in the overall rate of cell death 
being reduced. The rates of cell proliferation and cell 
death thus determine the overall volume of the pros- 
tate at any given time (48). In the normal prostate, there 
is equilibrium between cell proliferation and cell death, 
while in the hyperplastic prostate, the rate of cell death 
is reduced, resulting in a net increase in cell number 
(Fig. 6). This reduced rate of apoptosis is paralleled 
with increased cell proliferation in both the stromal 
and epithelial compartments (49,50). Whilst androgens 
and growth factors stimulate cell proliferation in vitro, 
they also actively inhibit cell death (48). Other studies 
have shown an increase in epithelial cell production 
but no change in apoptosis of epithelial cells (51). 


Embryonic Reawakening 


Androgen effects on prostate growth appear to be 
mediated by changes in growth factors. Deregulation 
of some growth factors combined with reactivation of 
the stroma is known to be involved in prostatic over- 
growth (52). The majority of early small stromal nod- 
ules resemble embryonic mesenchyme (13). It has 
been demonstrated both during development and in 
the adult that differentiation of epithelial tissue is 
regulated by the mesenchyme (53). Thus, reactivation 
of embryonic-type stromal tissue growth in the adult 
stroma may stimulate growth of the glandular epithe- 
lium. This reemergence of the inductive potential of 
the stroma is described by the “embryonic reawaken- 
ing theory.” The complex interactions of growth fac- 
tors of both stromal and epithelial origin integrate 
cell growth, apoptosis, and cell differentiation (11). 
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Figure 6 Stromal embryonic reawakening and growth factor 
imbalances that may result in BPH. (A) In the normal prostate 
(<30 years old), an equilibrium between cell proliferation and 
programmed cell death is maintained by paracrine actions of 
growth factors of both stromal (bFGF) and epithelial (TGFs) 
origins. (B) In the aging prostate (>50 years), BPH exists due 
to an imbalance in favor of cell proliferation over cell death. In 
the embryonic reawakening hypothesis, this results from an 
earlier cascade of events. Stromal embryonic reawakening 
(a) results in increased bFGF secretion, causing an increased 
ratio of bFGF (positive): TGF, (negative) that results in further 
stromal proliferation. (b) Increased bFGF leads to epithelial 
cell activation increasing EGF, expression. A net increase in 
epithelial-activating factors (oFGF and EGF,,) to TGF, (which 
acts to arrest cell cycle at the G, phase) results in increased 
epithelial cell mitosis and thus epithelial proliferation (c). 
Similarly, basal-cell proliferation (d) is stimulated due to 
mitogenic effects of increased EGF, and TGF, on basal cells, 
enhanced by an increase in expression of their common 
receptor as inhibitory dihydrotestosterone levels are 


Stromal 
Proliferation 


Imbalance in these relationships caused by embry- 
onic reawakening is probably involved in initiation, 
progression, and maintenance of BPH (Fig. 6). 

Stromal growth is regulated by interactions 
between TGFB and bFGF. In vitro bFGF stimulates 
mitosis of fibroblasts derived from human prostate 
tissue. In contrast, TGF inhibits fibroblast prolifera- 
tion in vitro. bFGF is increased in BPH tissue, resulting 
in an imbalance between bFGF and TGFB and thus 
potentially promoting stromal hyperplasia (54). 

Epithelial growth is influenced by both TGFB and 
epidermal growth factor a (EGFa). EGFæ stimulates 
epithelial growth in vitro, while TGF inhibits it (55). 
Thus, it is possible to imagine that an increase in bFGF 
expression caused by reawakening of the mesenchyme 
could cause a cascade of changes resulting in an imbal- 
ance favoring cell proliferation of both stromal and 
epithelial tissues (Fig. 6). 

Changes in the balance of growth factors and 
their effects are not limited to the stroma and the secre- 
tory epithelium of the acini. The growth factors EGFa 
and TGFa share a common receptor (56,57) that is 
expressed by basal cells. Interestingly, this receptor is 
downregulated by androgens. 


Other Factors in the Etiology of BPH 


Nonsteroid hormones including oxytocin and prolactin 
have also been implicated in BPH. Prostatic oxytocin 


decreased in this 50-year-old subject. Abbreviations: bFGF, 
basic fibroblast growth factor; BPH, benign prostatic hyper- 
plasia; DHT, dihydrotestosterone; EGF, epidermal growth 
factor; TGF, transforming growth factor. 


concentrations are elevated in the hyperplastic pros- 
tate (58). Increased oxytocin expression may be of sig- 
nificance for several reasons. As in other regions of the 
male reproductive tract, oxytocin stimulates smooth- 
muscle contraction of the prostate, maintaining muscle 
tone (59). Thus, increased levels may contribute to the 
increased prostatic tone associated with BPH. 
Furthermore, oxytocin increases epithelial cell growth 
of the acini in rabbits (60) and in rats (61). The mecha- 
nism of this action is unclear; however, oxytocin has 
been shown to regulate androgen production in vitro 
by increasing the activity of 5-a-reductase (62), which 
converts testosterone to the biologically active DHT. In 
the rat, an animal in which BPH does not develop, a 
feedback mechanism involving regulation of local oxy- 
tocin concentration by androgens and estrogens is pro- 
posed (63). It is hypothesized that such a regulatory 
feedback mechanism is either absent in man or per- 
turbed during the pathogenesis of BPH. 

Prolactin is also synthesized in the secretory epi- 
thelium of the prostate (64). Transgenic mice that over- 
express prolactin have been shown to develop 
dramatically enlarged prostates with significantly 
increased stromal growth (65). This peptide hormone 
acts as a direct growth and differentiation factor (66) 
and enhances the sensitivity of prostate tissue to andro- 
gen in vitro (67), possibly by increasing cell permeabil- 
ity to testosterone (68). Although circulatory prolactin 
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levels are similar in BPH patients and disease-free men 
(69), it has been suggested that BPH tissue may be 
more sensitive to prolactin (45). 


Diagnosis of BPH 


Diagnosis of BPH is achieved from a detailed medical 
and physical examination, rectal examination, tests to 
exclude urinary tract infections, and urinary flow 
measurement. In men over 50, BPH is the most common 
cause of LUTS, but other conditions can cause similar 
symptoms. Men with either bladder or prostate cancer 
can also present with LUTS. LUTS are commonly 
classified into voiding and storage symptoms. Voiding 
symptoms include hesitancy, interruption of voiding, 
and decreased urinary flow rate resulting in prolonged 
micturition. Storage symptoms include increased void- 
ing frequency, nocturia, urgency, and incontinence. 
Validated symptom scores such as the American 
Urological Association score index or the International 
Prostate Symptom Score (IPSS) are used to measure 
the severity of symptoms in patients presenting with 
LUTS (70). 

A commonly applied case definition of BPH 
includes at least two of the following: moderate-to- 
severe LUTS (a score 28 on the IPSS), an enlarged pros- 
tate volume of greater than 30 mL, and a decreased 
peak urinary flow rate of less than 10 mL/sec (71). 

Symptoms of BPH generally progress over a 
period of years. Sudden onset of symptoms usually 
suggests the presence of another condition, often a 
malignancy of prostate or bladder. 

Digital rectal examination (DRE) is useful in 
assessing prostate volume, which is increased in BPH. 
An enlarged, firm (similar to the consistency of the tip 
of the nose) prostate is a common finding in BPH (72). 
The size of the gland in BPH is relevant to the type of 
surgery offered (see section “Clinical Management of 
BPH”). Discrete nodules or asymmetry is suggestive of 
prostate cancer (72). A DRE can often detect locally 
advanced but not early prostate cancer. 

A raised level of prostate-specific antigen (PSA) 
is used as a marker for prostate cancer, but many 


patients presenting with LUTS and BPH will also have 
a raised PSA level. Conversely, men with early pros- 
tate cancer will often have normal levels of PSA. PSA 
testing is controversial. Thorpe and Neal (71) have 
suggested that it should not be used as a routine screen- 
ing procedure. 

Measurement of urodynamics and postflow 
residual urine can be used to confirm a diagnosis of 
BPH and to assess the level of symptom severity. These 
are optional tests for men with LUTS, but when the 
history and physical examination tests are inconclu- 
sive or conflict, they may be useful. A low flow rate of 
less than 10 mL/sec is a reasonable predictor of outlet 
obstruction (71). Urine analysis and renal function tests 
can be performed to exclude renal damage and urinary 
tract infections as causes of LUTS. Table 2 summarizes 
symptoms and diagnostic options and the results that 
allow BPH and prostate cancer to be distinguished 
from each other. 


Clinical Management of BPH 


Several strategies using either a surgical or a pharma- 
cological approach have been utilized to reduce the 
symptoms of BPH (73). Treatment options range from 
“watchful waiting” (the regular monitoring of patients 
who wish to delay active therapy) and transurethral 
resection of the prostate (TURP) to minimally invasive 
surgical techniques such as laser therapy, transurethral 
needle ablation, and transurethral microwave therapy. 
Medical therapies involving androgen blockade are 
also used. Table 3 summarizes available treatment 
options for BPH as well as their indications and poten- 
tial risks. 


Transurethral Resection of the Prostate 


In men with severe symptoms or complications arising 
from BPH, TURP is considered the gold standard to 
which other therapies are compared. This procedure 
first involves the stepwise removal of fibers at the 
bladder neck followed by resection of the midpros- 
tatic fossa, with the prostatic capsule forming the 
limit to the depth of the resection (81). Finally, tissue 


Table 2 Symptoms and Diagnostic Test Results Indicative of BPH Vs. Prostate Cancer 


BPH 


Prostate cancer 


History of lower urinary tract symptoms Slowly progressive symptoms, often 


Rapid onset of symptoms 


over a number of years 


International Prostate Symptom Score 28 
Digital rectal examination 


Measurement of PSA levels 


Peak urinary flow rate 


Can be elevated in BPH 


Decreased, <10 mL/sec (Ref. 71) 


220 


Enlarged prostate (>30 mL), but firm Nodules and/or hard areas; asymmetri- 
and symmetrical 


cal shape is indicative of locally 
advanced cancer 

Can be elevated in advanced disease, 
but also found within normal range in 
early stages of prostate cancer 

Not appropriate, as prostate cancer 
may often be asymptomatic 


Abbreviations: BPH, benign prostatic hyperplasia; PSA, prostate-specific antigen. 
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Table 3 Treatment Approaches for Benign Prostatic Hyperplasia: Indications and Potential Risks 


Approach Indications 


Possible complications 


Watchful waiting Mild symptoms 


None 


TURP Prostate >30 g Mortality (0.2-0.4% for elective operations), 
incontinence (3%), erectile dysfunction 
(5-10%), retrograde ejaculation (60-80%), 
bladder neck contracture (8-5%) (Ref. 71) 
TUIP Prostate <25 g (Ref. 74), moderate Incontinence (1%), erectile dysfunction 


bladder outflow obstruction (Ref. 75) 


TUNA Moderate to severe symptoms, with 
minimal bladder obstruction 


TUMT Prostate >30 g, high-grade bladder 
obstruction. Patients with high 
operative risk for invasive proce- 


dures (Ref. 78) 


Finasteride (5-a-reductase inhibitor) Prostate >40 g (Ref. 79) 


(0-4%), retrograde ejaculation (15-20%), bladder 
neck contracture (1%) 


Significantly fewer complications reported for TUNA 
(Ref. 76) compared to TURP (Ref. 77). Incidence 
of incontinence, erectile dysfunction, and bladder 
stricture are 1.5% less than TURP 


Limited durability of outcomes, urinary tract 
infections, urinary retention, reintervention, 
erectile dysfunction, retrograde ejaculation 


Erectile dysfunction (83-16%), decreased libido 
(2-10%), abnormal ejaculation (0-8%) (Ref. 80) 


Abbreviations: TUIP, transurethral incision of the prostate; TUMT, transurethral microwave treatment; TURP, transurethral resection of the 


prostate; TUNA, transurethral needle ablation. 


immediately proximal to the external sphincter mech- 
anism is removed. As up to 20% of the prostate proj- 
ects distal to the verumontanum, it is often necessary 
to leave part of the adenoma in order to avoid sphinc- 
ter injury and subsequent urinary incontinence (81). 
Resection of the bladder neck can result in retrograde 
ejaculation. There is conflicting evidence regarding 
the level of morbidity associated with TURP, which is 
often dependent on the outcome measures selected. A 
recent review estimates that TURP morbidity can be 
as high as 20% (82). 


Alternative Surgical Interventions 


Simpler and less intrusive surgical methods of con- 
trol are also available. Transurethral incision of the 
prostate is simpler than TURP in that only one or two 
incisions, starting at the urethral orifice and continu- 
ing to the verumontanum, are made. Laser prostatec- 
tomy and prostatic stents are other less common 
interventions that may be considered. Laser therapy 
has been shown to be effective in decreasing LUTS 
and has the benefit of shorter hospital stay and lower 


risk of complications; however, TURP has been shown 
to be superior to laser therapy in terms of effective- 
ness (83,84). 


Hormone Therapy 


Pharmacological methods of androgen deprivation 
(Table 4) have been shown to be effective in decreasing 
prostate size; however, these methods may take up to 
six months for a significant decrease in prostate size to 
be achieved, probably due to the fact that incomplete 
androgen blockade is achieved. 5-a-reductase inhibi- 
tion by finasteride has few significant side effects, 
although decreased libido in 5% to 10% of patients (85) 
and reduced semen volume have been reported (86). 
The decrease in prostate size following finasteride 
treatment appears to be related to apoptosis as do all 
androgen ablation therapies (87). 

Since estrogens may be involved in the etiology 
of BPH, antiestrogens or aromatase inhibitors may be 
useful in the treatment of the disease; however, stud- 
ies thus far have not indicated any positive improve- 
ments with such treatment. This may be due to the 


Table 4 Pharmacological Methods of Androgen Ablation Therapy and Associated Side Effects 


Method of androgen blockade 


Example of agents 


Side effects 


Antiandrogens 
Progestational antiandrogens 


Non-steroid antiandrogen Flutamide 


GnRH/LHRH agonists 
Triptoreline 
pamoate 


Histrelin implant 


5-a-reductase inhibitors Finasteride 


Cyproterone acetate 


Leuprolide acetate 


Severe loss of libido 
Gynecomastia, gastrointestinal 
disturbance 


Decreased libido, hot flushes, erectile 
dysfunction 


Decreased libido, reduced semen volume 


Abbreviation: GnRH/LHRH, gonadotropin-releasing hormone/luteinizing hormone-releasing hormone. 
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concomitant increase in the concentration of andro- 
gens caused by this treatment counterbalancing any 
effect of the treatment (46). 


a,-Adrenoreceptor Blockers 


The tone of prostatic smooth muscle is controlled by 
adrenergic nerve activity. To relieve symptoms, a 
reduction in the increased tone associated with BPH 
may be achieved through the use of o,-adrenoreceptor 
blockers (e.g., alphazosin and doxazosin). These treat- 
ments have the added advantage of a rapid onset of 
action, with optimum symptom relief being achieved 
within the first month of treatment (88). These drugs 
have some common side effects including postural 
hypotension, dizziness, and light-headedness. In addi- 
tion to relaxation of muscle tone, 0,-blockers may also 
increase rates of apoptosis of prostate cells without 
affecting cell proliferation (89). 


Herbal Remedies 


Phytotherapeutic agents extracted from herbs and 
plants are increasing in popularity for the treatment of 
BPH symptoms. These agents account for half of the 
medications dispensed in Italy (90) and 90% of all 
drugs prescribed in Germany and Austria (91). Two of 
the most widely used phytotherapeutic agents are 
those that contain B-sitosterols (91) and the extract of 
Serenoa repens. Their exact mechanisms of action are 
unknown. It is proposed that B-sitosterols may affect 
cholesterol metabolism and thus subsequent steroid 
production or have anti-inflammatory effects (92). 
Systematic reviews of the available literature have 
shown that B-sitosterols improve urological condi- 
tions, but there is a lack of comparison with other 
agents (93). S. repen produces symptomatic improve- 
ments similar to finasteride (94). A recent meta-analy- 
sis of all published trials of S. repens for treating BPH 
showed a significant improvement in flow rate and a 
reduction in nocturia compared with placebo, and also 
a reduction of five points in the IPSS (95). No data 
exists, however, on the long-term effectiveness and 
side effects of these phytotherapeutic agents. 


O PROSTATE CANCER 


Carcinoma of the prostate is now the most frequently 
diagnosed cancer and the second most common cause 
of cancer-related death in men. It is typically a disease 
of older men, with an interesting natural history. 
Postmortem studies have demonstrated that approxi- 
mately 40% of 50-year-old men have evidence of micro- 
scopic prostate cancer. Less than 20% of men, however, 
will develop clinical disease, and only 2% to 4% will 
subsequently die from the malignancy (96). As a result, 
there is considerable controversy concerning the 
appropriate clinical management of prostate cancer, 
with debate existing over the necessity of screening, 
and when and how to treat the disease. 


Incidence of Prostate Cancer 


There are worldwide variations in the incidence of 
prostate cancer that appear to be related to race and 
geography. Within the United States, the incidence is 
highest in the African-American population and lowest 
in those of Asian descent (97). Geographically, the inci- 
dence of prostate cancer in Europe is higher than that 
seen in Asia or Egypt (98). Even within Europe, there 
are marked differences, with the incidence of prostate 
cancer in northern Europe being almost twice that in 
the southern part of the continent (98). 

Perhaps more worrying is the fact that the inci- 
dence of prostate cancer has drastically increased over 
the last 30 years (99). It has been argued that the rise in 
incidence may be due to the introduction of screening 
programs in the mid-1980s (100). Certainly, evidence 
from the United States suggests that screening may 
have had some impact as there was a slow increase in 
the incidence of prostate cancer from 1974 and a more 
rapid increase between 1988 and 1992 (101). Since 1992, 
there has been a decline in the incidence of prostate 
cancer in the United States. The evidence from England 
and Wales presents a slightly different picture, show- 
ing a steady increase in incidence since 1971 with only 
a small increase in incidence following the availability 
of PSA testing (99). 

Recent changes in the incidence of prostate cancer 
have been accompanied by alterations in the mortality 
rate of the disease. Death rates have risen during the 
last 30 years, but there is evidence that peak rates may 
have been reached in the mid-1990s. Nevertheless, car- 
cinoma of the prostate is still responsible for approxi- 
mately 3% of all deaths in men over the age of 55 in the 
United States. (102). Table 5 summarizes worldwide 
death rates from prostate cancer. 


Etiology of Prostate Cancer 


The etiology of prostate cancer is poorly understood. 
Prostate cancer is a disease of the aging male, with 96% 
of all cases occurring in men over the age of 60 (99). 
Prostate cancer is an androgen-dependent disease 
(103), and androgen withdrawal has been used as a 


Table 5 Worldwide Death Rates from Prostate Cancer in 2000 


Age-adjusted death rates 
for prostate cancer per 


Country 100,000 population 
United States 17.9 
Australia 18.0 
China 1.0 
Denmark 23.0 
France 19.2 
Greece 10.7 
Japan 5.5 
New Zealand 21.2 
Sweden 27.3 
Trinidad and Tobago 32.3 
United Kingdom 18.5 


Source: Adapted from Ref. 101. 
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major treatment of the malignancy. The role of testos- 
terone in the development of the disease, however, is 
unclear. Prostate cancer rarely occurs in men who have 
been castrated, but there is conflicting evidence as to 
whether circulating levels of the androgen are increased 
or decreased in patients with carcinoma of the pros- 
tate. Thus, androgens may be actively involved in the 
initiation of the disease or may play a permissive role, 
being necessary for the maintenance of the malignant 
changes. 

Family history also plays a role in the develop- 
ment of the disease. Patients who have a first- or 
second-degree relative with the disease have an 
increased risk of developing prostate cancer (104,105), 
and the risk is higher if the relatives were diagnosed 
with the disease at an early age. There is also an asso- 
ciation between breast cancer and prostate cancer. 
Men who have female relatives with carcinoma of the 
breast have a higher incidence of prostate cancer 
(106). A hereditary form of prostate cancer has also 
been identified. This form of the disease tends to have 
an earlier age of onset and accounts for approximately 
9% of all cases of prostate cancer (107). The hereditary 
form of the disease has an autosomal dominant mode 
of inheritance and has a frequency of 0.36% in the 
Caucasian population (107). Several predisposing loci 
have been mapped. Hereditary prostate cancer 1 was 
the first predisposing gene locus to be identified (107), 
and recent evidence suggests that within Europe, pre- 
disposing for cancer of the prostate (PCaP) is the 
major predisposing locus for hereditary prostate 
cancer (108). 

Prostate cancer is also associated with significant 
racial and environmental factors. Within the United 
States, the incidence of prostate cancer is greatest 
among the African-American population, who also 
have the poorest survival rates (96). Some of the varia- 
tion between races may be due to genetic differences. It 
has been suggested that the increase in incidence may, 
in part, be related to the length of the androgen-recep- 
tor gene, since in African-Americans, the mean number 
of androgen-receptor gene CAG repeats is lower than 
other races (109). 

Even within a single race, variations in the inci- 
dence of the disease occur. Carcinoma of the prostate is 
less common in Japanese men living in Japan than in 
Hawaii; however, amongst Japanese men who migrate 
to Hawaii, the incidence of the disease significantly 
increases within one generation (110). The relatively 
rapid increase in incidence of the disease in these men 
suggests that environmental, rather than genetic, influ- 
ences are involved. A variety of dietary factors have 
been implicated over the years. Of these, a diet high in 
dairy products and red meat has been reported to 
increase the incidence of prostate cancer, while dietary 
phytoestrogens (i.e., soy), vitamin E, and selenium 
may be protective (111). 

In the early 1990s, concern was raised that vasec- 
tomy may increase the risk of developing prostate 
cancer (112). Recent studies confirm that vasectomy 


does not increase the risk of prostate cancer even 25 
years or longer after vasectomy (113,114), although 
vasectomized men may present with earlier-stage 
prostate tumors (115). 


Natural History of Prostate Cancer 


The development of prostate cancer appears to occur 
in several stages (Fig. 7). First, there is an initiation pro- 
cess that leads to the development of focal lesions of 
high-grade prostatic intraepithelial neoplasia (PIN). 
These focal lesions are characterized by proliferation 
of the epithelial cells within existing ducts and acini. 
Unlike poorly differentiated prostate carcinoma, how- 
ever, in which the basal-cell layer of the acini is absent, 
basal cells are present in PIN, although the layer may 
be fragmented. The development of PIN and localized 
cancer is due to a continuum of changes. During this 
process, there is a gradual loss of the basal-cell layer, 
increased numbers of abnormalities in the expression 
of cell adhesion molecules, and increasing cell prolifer- 
ation and genetic instability (116). The progression to 
metastatic disease is accompanied by further changes 
in the expression of extracellular matrix molecules 
(e.g., E-cadherin). In the final stages of the disease, the 
prostate may become insensitive to androgens. 

There is a high rate of focal lesions worldwide, 
and the incidence of such lesions does not appear to be 
related to race or ethnicity; however, the presence of 
focal lesions is age dependent (117). The incidence of 
focal lesions approximately doubles every five years 
and affects approximately 30% of 45-year-old men. 

Two theories exist with respect to the progres- 
sion of focal lesions to clinical disease. One hypothe- 
sis, proposed by Stamey (118), suggests that when 
histological carcinoma of the prostate is detected, all 
the cells in the lesion have already completed the nec- 
essary steps to produce a fully malignant and invasive 
tumor. Thus, progression of the disease is determined 
by the time it takes for the tumor to grow. This might 
suggest that there is a relatively fixed period of time 
between the appearance of focal lesions and the devel- 
opment of clinical disease. This, however, does not 
seem to be the case. Although the factors leading to 
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Figure 7 The progression of prostate cancer. 
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initiation of prostate cancer appear to be independent 
of race, the progression of these focal lesions to inva- 
sive disease is affected by environmental conditions. 

A second theory by Carter et al. (119) proposes 
that not all cells in focal lesions have undergone the 
changes necessary to transform them into malignant 
cells. It suggests that a series of further steps are 
required and these can occur at any time and may be 
modified by other factors. This “multistep” theory 
could explain how the initiation of prostate cancer and 
the development of focal lesions are independent of 
race or geography, while the promotion of the disease 
to localized cancer can be influenced by genetic makeup 
and the environment. It also raises the possibility that 
modification of diet and lifestyle may influence the 
progression of prostate cancer. 


Pathology of Prostate Cancer 


More than 95% of all prostate cancers are adenocarci- 
nomas. The remaining tumors represent a wide variety 
of epithelialand nonepithelial malignancies. Carcinoma 
of the prostate occurs more commonly in the periph- 
eral zone of the prostate, with approximately 70% of 
tumors occurring in this region. An additional 20% of 
tumors occur in the transition zone and 10% in the cen- 
tral zone. (For further information on normal function 
of the prostate, see Chapter 7.) 

Carcinoma of the prostate is associated with 
altered prostatic function. The secretory pattern of the 
epithelial cells may be changed, resulting in fewer cor- 
pora amylacea and often an increase in mucin secre- 
tion (120). Altered prostatic levels of zinc, choline, and 
citrate have also been observed (121-124). As men- 
tioned earlier, expression of many cell adhesion pro- 
teins and constituents of the extracellular matrix are 
also altered in the malignant tissue (116). 

Androgens appear to be necessary for the main- 
tenance of normal prostate function and the continu- 
ing growth of prostate cancer; however, evidence 
suggests that these steroids may act indirectly via vari- 
ous growth factors. Changes in the expression of 
growth factors and their receptors occur in carcinoma 
of the prostate. TGFa, which promotes growth in the 
normal prostate, is increased both in prostate cancer 
cell lines (125) and tissue from patients with prostate 
cancer (126). Similarly, the EGF receptor, which TGFa 
utilizes, is upregulated (127). The inhibitory response 
to growth by TGF is also reported to be diminished in 
some cancer cells (128). In addition to changes in 
expression of growth factors, alterations in receptors 
for other hormones, such as estrogen and growth hor- 
mone, also occur in the malignant tissue. Thus, while 
only ERB is expressed in normal epithelial cells, both 
ERa and ERB are seen in malignant cell lines (129). 

It remains unclear whether these changes are 
important in the development of the tumor or whether 
they result as a consequence of the malignant change. 
The identification of these factors, however, provides 
new avenues for the development of effective treat- 
ment for prostate cancer. 


Clinical Manifestation of Prostate Cancer 


Localized prostate cancer may be asymptomatic, 
although patients commonly present with obstructive 
urinary symptoms. DRE at this time may reveal an 
area of induration or a palpable prostatic nodule. 
Initially, there is usually local growth of the tumor, fol- 
lowed by lymphatic and hematogenous spread. Within 
the gland, there may be a single area or multiple foci of 
the disease. Local extension of the tumor through the 
capsule may result in involvement of the seminal vesi- 
cles, bladder neck, and ureters. Lymphatic spread 
commonly involves the obturator nodes but may also 
spread to a variety of other nodes including the hypo- 
gastric, external iliac, common iliac, sacral, and ingui- 
nal nodes. Hematogenous spread typically results in 
bony metastases. The pelvis and lumbosacral vertebrae 
are commonly affected. This is thought to be due to the 
communication between the prostatic and vertebral 
venous plexi and the lack of valves in the latter, which 
allows retrograde spread. 


Detection of Prostate Cancer 


The natural history of prostate cancer, with an early 
latent phase followed by clinical disease some years 
later, makes it a candidate for a screening program. 
Whether to screen or not, however, is still a matter for 
debate. The controversy exists in several areas includ- 
ing the accuracy and sensitivity of available markers to 
detect the tumor and how tumors should subsequently 
be treated. 

DRE can be used to detect and stage prostate 
cancer; however, DRE is subjective, and suffers from 
both under and overstaging of tumors. PSA is com- 
monly used to screen for prostate cancer. PSA is a serine 
protease (kallikrein 3) that is secreted by the epithelial 
cells of the prostate. In the normal prostate, most PSA is 
secreted into the seminal fluid, but with breakdown of 
the basal-cell layer that occurs with prostate cancer, 
PSA “leaks” into the circulation. Elevated levels of PSA 
are associated with both prostate-confined and extra- 
prostatic disease, with a value of above 4 ng/mL being 
suggestive of malignancy. Although PSA levels may be 
useful in studying large groups of patients, there is sig- 
nificant variation in normal PSA secretion between 
individuals. Furthermore, in poorly differentiated 
tumors, PSA secretion may be less elevated. Thus, a 
few patients with a PSA below 4 ng/mL may have car- 
cinoma of the prostate, and a sizeable number of those 
patients with a PSA above 4 ng/mL will not have clini- 
cal prostate cancer. The combination of PSA measure- 
ment and DRE increases the positive predictive value 
of screening from 31.5% to 48.5%, and the addition of 
transrectal ultrasound has a further additive effect 
(130). The diagnosis of prostate cancer should be con- 
firmed by systematic needle biopsy of the prostate. 


Staging and Grading 


Assessment of the nature of the tumor and its degree 
of spread are critical to the management of patients 
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with prostate cancer and depend on the accurate stag- 
ing of the disease. 

The tumor, nodes, metastases (TNM) method of 
staging classifies the disease according to the character- 
istics of the primary tumor and the degree to which it 
has spread locally (T stage), or if there is lymph node 
involvement (N stage), or distant metastases (M stage) 
(Table 6). Another method of staging is the modified 
Jewett system (131), which uses the information obtained 
from DRE as well as the degree of metastasis (Table 7). 
The biological behavior of the tumor is also important. 
Well-differentiated malignancies with a slower rate of 
cell division and growth usually have a better prognosis 
than poorly differentiated tumors. 

The Gleason system is commonly used to grade 
the tumor (132). This system assesses the low-power 
light microscopic appearance of the glandular architec- 
ture of the prostate. The pathologist assigns a grade 
(from 1 to 5) to the pattern of cancer that is most 
commonly seen within the specimen and another grade 
to the second most common pattern of disease observed. 
The two grades are then added together to give the 
“Gleason score.” An area of well-differentiated tumor 
is assigned a “1,” and a poorly differentiated, a “5.” 
Thus, scores range from 2 (1 + 1) to 10 (5 +5). A score of 
“2” indicates a well-differentiated tumor, while “5-6” 
signifies a moderately differentiated cancer, and “8-10” 
indicates poorly differentiated cancer. The Gleason 
score is a measure of how aggressive the cancer may be. 


Taken with clinical stage and PSA level, it is used to 
assess the likelihood of progression of the cancer and is 
useful in helping patients and their clinicians choose 
between treatment options. In general, survival follow- 
ing diagnosis of prostate cancer is linked to the Gleason 
score. Men between the ages of 65 and 75 years with 
conservatively treated, low-grade prostate cancer 
(Gleason score of 2-4) have no loss of life expectancy, 
but those with scores between 5 and 10 have a progres- 
sively decreased life expectancy (133). 


Clinical Management of Prostate Cancer 


The management of carcinoma of the prostate is influ- 
enced by a variety of factors including the age of the 
patient, the stage of the disease, and the histological 
grade of the tumor. It is also affected by whether the 
treatment is intended to be curative or palliative. In a 
younger man (aged 55-74 years) with organ-confined 
tumor, curative treatment might include radical prosta- 
tectomy or radiotherapy. Radical prostatectomy, as its 
name infers, involves removal of the whole prostate. It 
has a 10-year survival rate of approximately 60%, but 
the operation itself carries a 0% to 2% mortality rate as 
well as the risks of impotence and incontinence (134). 
Radiotherapy can be administered either by external 
beam radiation or by brachytherapy, which is the local 
delivery of high doses of radiation by the implantation 
of radioactive seeds. 


Table 6 Tumor, Nodes, Metastases (TNM) Staging System for Prostate Cancer 


T (primary tumor) 


N (regional lymph nodes)? 


M (distant metastasis) 


Tx Cannot be assessed Nx Cannot be assessed Mx Cannot be assessed 
TO No evidence of primary tumor NO No regional lymph node MO No distant metastasis 
metastasis 


Tis Prostatic intraepithelial neoplasia 


N1 Metastasis in regional 
lymph node(s) 


T1 Clinically unapparent tumor, not 
detected by DRE nor visible by imaging 


Tia <5% of tissue in resection for 
BPH has cancer, normal DRE 


Tib >5% of tissue in resection for BPH has 
cancer, normal DRE 


Tic Cancer detected from needle 
biopsy due to elevated PSA alone, 
normal DRE and TRUS 


T2 Tumor confined to prostate (detectable 
by DRE, not visible on TRUS) 


T2a Tumor limited to one lobe 
T2b Tumor involves both lobes 


T3 Tumor extends through the prostate 
capsule but without metastasis 


T3a_Extracapsular extension of tumor 
T3b Involvement of seminal vesicles 


T4 Tumor extends into the bladder neck, 
sphincter, rectum, pelvic floor or wall 


M1 Cancer has metastasized to 
distant organs, bones, or 
other organs 


Mia Distant metastasis in 
nonregional lymph nodes 


Mib Distant metastasis to bone 


Mic Distant metastasis to other 
sites 


aRegional lymph nodes = obturator, external and internal iliac, presacral. 
Abbreviations: DRE, digital rectal examination; PRA, prostate-specific antigen; TRUS, transrectal ultrasound. 
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Table 7 Modified Jewett Staging System for Prostate Cancer 


A1 <5% of tissue in resection for BPH has cancer 

A2 >5% of tissue in resection for BPH has cancer 

B1 Palpable nodule <1.5 cm, confined to prostate 

B2 Palpable nodule >1.5 cm, confined to prostate 

C1 Palpable extracapsular extension 

C2 Palpable involvement of seminal vesicle 

DO Clinically localized disease, elevated 
prostate-specific antigen 

D1 Pelvic lymph node metastasis 

D2 Metastasis to bone 

D3 Hormone refractory disease 


Abbreviation: BPH, benign prostatic hyperplasia. 


Cancer confined to the prostate in an elderly man 
(>75 years) is often “treated” by “watchful waiting,” 
since death is more likely to be due to causes other 
than prostate cancer. It has been recently recommended 
that the term “watchful waiting” be replaced by a more 
accurate description, “active monitoring” (135). 

In patients in whom the tumor has spread out- 
side of the prostate, hormonal treatment is aimed at 
either depleting androgens or reducing their effects. 
Orchidectomy provides a safe method of reducing tes- 
ticular androgens but is accompanied by loss of libido 
and potency. Gonadotrophin-releasing hormone ana- 
logues provide an alternative means of reducing 
androgen production. The addition of an antiandrogen 
(e.g., flutamide) maximizes the androgen blockade. 
Alternatively, treatment may be directed to specific 
problems related to the disease (e.g., local radiotherapy 
for bony metastases). 

As prostate cancer progresses, the disease may 
become refractory or insensitive to androgens, and the 
tumor may escape the effects of androgen suppression 
or androgen blockade therapy. This refractoriness was 
initially thought to be due to a loss of androgen recep- 
tor expression by the cancer. Although androgen 
receptor expression is reduced in some prostate cancer 
cell lines, this does not always appear to be the case in 
vivo. In fact, recent data suggests that in hormone 
refractory disease, antiandrogens may activate rather 
than inhibit the androgen receptor (136). 


O PROSTATITIS 


Prostatitis is the most common urological complaint 
seen by the general practitioner in men aged less than 
50 years and the third most common urological diag- 
nosis in men older than 50 years (137). A survey in the 
United States showed that there were more consulta- 
tions for prostatitis than either BPH or prostate cancer, 
and that it was diagnosed in 25% of all genitourinary 
related complaints (138). The disease is associated with 
chronic pelvic pain, sexual disturbance, and psycho- 
logical disturbance (139,140). Although it is a debilitat- 
ing disease that causes significant morbidity, prostatitis 
has been somewhat neglected in the literature. 


Prostatitis can also be difficult and frustrating to treat. 
According to Nickel, “in terms of time, resources, and 
finances being expended on management and research 
in prostatitis, it really seems to be the ‘poor cousin’ 
when compared to prostate cancer and benign pros- 
tatic hyperplasia” (138). 


Prostatitis as a Risk Factor for BPH and 
Prostate Cancer 


There is little available data that suggests a causative 
link between prostatitis and BPH or prostate cancer; 
however, there does appear to be an increase in risk of 
developing BPH in men with a history of prostatitis 
(141). There is also evidence to suggest that prostatitis 
is associated with an increased risk of prostate cancer. 
This risk appears to be lower than that associated with 
BPH (142). To date, there is no clear mechanism of cau- 
sality in either case. 


Symptoms of Prostatitis 


Symptoms of prostatitis vary. The most common pre- 
senting complaints are those relating to pain and dis- 
comfort. Pain is often perceived in the penis and 
urethra but can also be felt in the perineum, groin, 
testes, lower back, and suprapubic areas. Irritative and 
obstructive voiding dysfunctions also occur. These 
commonly include increased urinary urgency and fre- 
quency, dysuria, nocturia, and abnormal urinary flow 
(e.g., hesitancy, interrupted flow, and reduced force 
and volume). 


Classification and Etiology of Prostatitis 


Prostatitis has traditionally been divided into four clin- 
ical classifications according to Drach et al. (143): 


m Acute bacterial prostatitis (ABP) resulting in pros- 
tatic abscess formation 

m Chronic bacterial prostatitis (CBP) 

m Non/abacterial prostatitis (NBP) 

m Prostatodynia 


While the clinical symptoms of ABP, CBP, and 
NBP are all accepted as being the result of inflamma- 
tion, prostatodynia describes a painful condition in 
which no signs of inflammation or bacterial infection 
exist, despite clinical symptoms. A slight modification 
of this classification system (Table 8) was later adapted 
by the National Institute of Health and summarized by 
Nickel (138). 

The most common causes of bacterial prostatitis 
are the gram-negative pathogens. Escherichia coli is 
by far the most common isolate, being identified in 
65% to 80% of all cases. Other gram-negative bacteria 
including Pseudomonas aeruginosa, Serratia, Klebsiella, 
and Enterobacter aerogenes are isolated less frequently 
and account for 10% to 15% of all bacterial cases 
(144). The significance of gram-positive bacteria is 
unclear. Staphylococcus saprophyticus, Staphylococcus 
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Table 8 National Institute of Health Classification of Prostatitis and Suggested Management 


Classification 


Definition 


Management 


Category l: Acute bacterial prostatitis 


Category II: Chronic bacterial 
prostatitis 


Category Ill: CPPS 
IIIA: Inflammatory CPPS 


Acute infection of the prostate 


Recurrent infection of the prostate 


White blood cells in semen/expressed 
prostatic secretions/post-prostatic 
massage urine but no demonstrable 


Broad-spectrum antibiotic cover 
(initially, parenteral antibiotics) 


Trimethroprin or quinolone suppressive 
antibiotic therapy in relapsing phase. 
Recurrent phase control with long- 
term, low-dose prophylactic antibiotic 
treatment 


Trial broad range antibiotic (4—6 wk). 
Anti-inflammatory agents, o-blocker 
for obstructive voiding, phytotherapy, 
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infection 


IIIB: Noninflammatory CPPS 


No white blood cells in semen/ 
expressed prostatic secretions/post- 
prostatic massage urine and no 


repetitive prostate massage (2-3 
times weekly). Consider transure- 
thral microwave therapy 


a-blocker therapy, muscle relaxant 
therapy, analgesics, relaxation 
exercises 


demonstrable infection 


Category IV: Asymptomatic inflamma- 
tory prostatitis 


No subjective symptoms detected 
either by prostate biopsy or presence 


No therapy 


of white blood cells in semen/ 
expressed prostatic secretions 
during evaluation for other disorders 


Abbreviation: CPPS, Chronic pelvic pain syndrome. 
Source: Adapted from Ref. 138. 


aureus, coagulase-negative staphylococci, hemolytic 
streptococci, Neisseria gonorrheae, Mycobacterium 
tuberculosis, Salmonella, and Chlamydia trachomatis 
have all been implicated (145). It has been suggested 
that an immunocompromised state leads to an 
increased risk of prostatitis due to these uncommon 
pathogens (146). 

The significance of enterococci, coagulase- 
negative staphylococci, chlamydia, and anaerobic 
pathogens in the etiology of prostatitis remains unre- 
solved. Although the diagnosis of acute prostatitis and 
CBP is not usually problematic, the classification of 
Drach et al. (143) does not readily grade those patients 
who present with uncommon pathogens. Furthermore, 
patients with recurrent prostatitis often fail to produce 
a positive bacterial culture. Such cases, diagnosed as 
chronic NBP, are most likely to be false negatives (147) 
and reflect the changes in bacterial growth caused by 
inefficient antibacterial challenge used in the treatment 
of ABP. High concentrations of antibiotic are difficult 
to achieve in the prostate (148) such that low concen- 
trations drive the formation of bacterial biofilms in the 
prostatic ducts and acini (149,150). These biofilms pres- 
ent mechanisms of protection against further challenge 
from antimicrobial agents (151), resulting in persistent 
infection. 

In true chronic NBP, the etiology is more difficult 
to classify, with many cases being misclassified. In many 
patients in whom no bacterial culture can be achieved, 
antibodies to common uropathogens are present (152). 
Indeed, molecular biology techniques have shown the 
presence of bacteria in men experiencing chronic pelvic 


pain, in whom bacteria were undetectable by traditional 
methodology (153). While the involvement of C. tracho- 
matis in nonbacterial prostatitis remains the subject 
of debate, its detection using nonconventional screen- 
ing methods has shown it to be commonly present 
(154,155). 

By definition, patients with prostatodynia have 
symptoms of prostatitis but no previous history of uri- 
nary tract infection, no identifiable infection, and 
normal prostatic secretions. Most patients, however, 
will show evidence of an immune response and the 
same urodynamic abnormalities associated with non- 
bacterial prostatitis (156). These similarities are not 
considered in the classification of Drach et al. (143). 
Likewise, the asymptomatic inflammation noted in 
prostate biopsies and resections of BPH tissue is not 
considered (138). 

To address these problems, acquire a better 
understanding of prostatitis etiology, and provide 
clearer definitions of the disease, the National Institute 
of Diabetes and Digestive and Kidney Disorders has 
proposed a new system of classification (Table 8). In 
categories I and II, traditional ABP and CBP are 
defined by the presence of culturable uropathogenic 
bacteria in specific specimens of prostatic fluid from 
patients with definite prostatic inflammation. Chronic 
pelvic pain syndrome (CPPS) is defined by the 
presence of prostatitis-like symptoms with no uro- 
pathogenic bacteria demonstrable in specific spe- 
cimens of prostatic fluid. This classification is 
subdivided into inflammatory and noninflammatory 
CPPS. Inflammatory CPPS is defined as leukocytosis 
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in expressed prostatic secretions or urine after pros- 
tate massage. Noninflammatory CPPS is indicated 
when there is no evidence of an inflammatory 
response. 

Asymptomatic prostatitis describes those situa- 
tions where there is pathological evidence of inflam- 
mation without symptoms being evident. 


Diagnosis of Prostatitis 


It is generally accepted that the presence of leukocytes 
at a concentration of 10°/mL indicates an active infec- 
tion of the prostate (157); however, this only gives 
an indication of prostatic inflammation. The gold 
standard method for diagnosing prostatitis is the 
“Meares-Stamey four glass test” (Fig. 8) (158). This test 
differentiates bacterial from nonbacterial prostatitis by 
sequential and quantitative bacteriological culturing of 
the urethra/bladder urine and prostatic secretions. 
When bacterial counts in the urethral specimen [first 
and midstream urine samples, or voided bladder (VB) 


Voided bladder 1 


(First 10 ml urine 
voided) 


(200 ml later) 


Voided bladder 2 
Culture 


(Mid-stream culture) 


= 
—= 


— End urination 


Massage prostate 


Pee a Culture 


_ oid 


Voided bladder 3 


(First 10 ml voided 
post-prostate massage) 


— Culture 


Figure 8 The Meares—Stamey four-glass test. The test requires 
the patient to have a full bladder. If uncircumcised, the foreskin must 
be retracted throughout. The glans is washed with an antiseptic 
(followed by water to avoid false negatives) prior to collection. The 
patient is instructed to stop urinating after VB1 and VB2 are col- 
lected. Expressed prostate fluid for microscopic examination is 
collected on a glass slide during digital massage. Additional 
expressed fluid is collected for culture. Immediately after prostatic 
massage, the patient voids again and the VB3 fraction is collected. 
Specimens are routinely cultured on blood agar (gram-negative and 
gram-positive bacteria) and MacConkey agar (gram-negative). 
Abbreviation: VB, voided bladder. Source: Adapted from Ref. 158. 


(VB1 and VB2)] are greater than that in the expressed 
prostatic fluid or the postprostatic massage urine 
sample (VB3), then bacterial urethritis is present. If the 
prostatic fluid and VB3 bacterial loads exceed that in 
the VB1 specimen by at least a factor of 10, then bacte- 
rial prostatitis can be accurately diagnosed. When 
prostatic secretions are unobtainable, quantitative cul- 
tures of the ejaculate have been used; however, this is 
not recommended, as semen contains a mix of secre- 
tions from varying sites and sex accessory glands. The 
procedure is cumbersome, time-consuming, has a low 
yield, can give false positives and negatives, and has 
poor therapeutic predictive value; therefore, it is not 
routinely used (159,160). 

Nickel (161) has proposed a simpler technique 
for prostate screening that provides almost as accurate 
a classification of prostatitis patients as that of Meares 
and Stamey. In this pre- and postmassage test, urine 
specimens are produced before and after prostate mas- 
sage. These specimens are compared by microbiologi- 
cal culture and microscopic examination. The presence 
or absence of bacteria and/or leukocytes in the 
postprostatic massage urine as compared with the pre- 
prostatic massage urine allows for accurate diagnosis, 
with a sensitivity and specificity of 91% (161). 


Clinical Management of Prostatitis 


Currently, there is very little in the way of evidence- 
based treatment guidelines for the care and manage- 
ment of prostatitis, and this is reflected in the poor 
outcome of many patients. Although most patients are 
treated with antibiotics, the cause of their disease will 
probably not be fully determined, and many of these 
patients will have continual recurrence throughout their 
lives (162). Management of chronic prostatitis is usually 
focused on relieving symptoms through the use of anti- 
biotics, anti-inflammatory drugs, normalization of urine 
flow, and changes in general and sexual behaviors (163). 
Nickel (138) has proposed a recommended scheme for 
treating the various categories of prostatitis (Table 8); 
however, until there is a validated symptom-scoring 
system accepted for common use, evaluation of such 
treatment strategies will be difficult. 


O CONCLUSIONS 


Diseases of the prostate are complex, multifactorial 
processes that continue to pose intriguing and funda- 
mental questions that serve to illustrate the relative 
lack of understanding of the biology and physiology of 
this accessory sex gland. For example: 


m Why is BPH restricted to the transitional zone of 
the prostate and prostate cancer to the peripheral 
zone? 

m How do the interactions between stromal and 
epithelial components differ between the normal 
prostate, BPH, and prostate cancer? 
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m Why does overproliferation of epithelial cells not 
result in malignant phenotypes in BPH? 

m How isa history of prostatic inflammation (prosta- 
titis) related to increased risks of BPH and prostate 
cancer? 


The development of prostate disease is clearly a 
matter of balance between hormones and growth- 
factor effects. Changing the homeostasis that exists in 
the normal gland leads to disease. A full understand- 
ing of the events that lead to this imbalance is the key 
to better diagnosis and prognosis and development of 
novel therapies. In both benign and malignant prostate 
disease, these advances may come from comprehen- 
sive studies of altered gene expressions in diseased 
states and the discovery of novel prostate-specific 
genes. The completion of the human genome project 
has been a major advance in providing a resource ripe 
for mining. Indeed, a database of expressed genes 
(expressed sequence tags) derived from normal and 
diseased human tissues is publicly available at the 
National Center for Biotechnology Information (164) 
as is the Prostate Expression DataBase (PEDB). The 
PEDB was developed as a resource of genes expressed 
in the normal and neoplastic human prostate (avail- 
able online) (165). As well as these bioinformatic 
resources, the advent of cDNA microarray technology 
has provided a powerful tool to investigate gene- 
expression profiles from individual samples, whilst 
proteomics allows the study of gene expression at the 
protein level. These molecular biology approaches, 
along with advances in noninvasive functional imag- 
ing (e.g, magnetic resonance imaging/magnetic 
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O INTRODUCTION 


In pubertal females, a complex hormonal interplay 
occurs that results in the appearance of the secondary 
sex characteristics, including the growth and 
maturation of the adult female breast. Male breast 
development occurs in an analogous fashion to female 
breast development, but at a much reduced level due 
to the markedly lower levels of estrogens in men 
compared to women. This chapter will review the gene- 
ral ontogeny and physiology of breast development, 
the factors that influence breast enlargement in the 
male, the differential diagnosis of gynecomastia, the 
process of diagnostic investigation, and the treatment 
of gynecomastia. 


O BREAST DEVELOPMENT 


In both male and female fetuses, epithelial cells prolife- 
rate into ducts that will eventually form the areola of 
the nipple at the surface of the skin. The blind ends of 
these ducts bud to form alveolar structures in later ges- 
tation. With the decline in fetal prolactin, placental 
estrogen, and progesterone at birth, the infantile breast 
regresses until early puberty (1). 

During thelarche, the period of prepubertal breast 
enlargement, the initial clinical appearance of the 
breast bud, growth, and division of the ducts occur, 
eventually giving rise to club-shaped terminal end 
buds, which then form alveolar buds. Approximately, 
a dozen alveolar buds will cluster around a terminal 
duct, forming the type-1 lobule. Eventually, the type-1 
lobule will mature into type-2 and 3 lobules, called 
ductules, by increasing its number of alveolar buds to 
as many as 50 in type-2 and 80 in type-3 lobules. The 
entire differentiation process takes years after the onset 
of puberty and, in the female, if pregnancy is not 
achieved, may never be completed (2). 


CO HORMONAL REGULATION OF 
BREAST DEVELOPMENT 


At puberty, the initiation and progression of breast 
development involve a coordinated effort of pituitary 
and gonadal hormones, as well as local mediators 


(Fig. 1). 


O ESTROGEN, GH, INSULIN-LIKE GROWTH 
FACTOR, PROGESTERONE, AND 
PROLACTIN 


Estrogen and progesterone act integratively to 
stimulate normal adult female breast development. 
Estrogen promotes duct growth via its receptor, estro- 
gen receptor (ER), while progesterone, also acting 
through its receptor, progesterone receptor (PR), 
supports alveolar development (1). This is demon- 
strated by experiments in ER-knockout mice that 
display grossly impaired ductal development, while 
PR-knockout mice possess significant ductal develop- 
ment but lack alveolar differentiation (3,4). 

Although estrogens and progestogens are vital to 
mammary growth in the female, they are ineffective in 
the absence of anterior pituitary hormones (5). Thus, 
neither estrogen alone nor estrogen plus progesterone 
can sustain breast development without other media- 
tors. This has been confirmed by studies involving the 
administration of estrogen and growth hormone (GH) 
to hypophysectomized and oophorectomized female 
rats, which resulted in breast ductal development. 
The GH effects on ductal growth are mediated through 
stimulation of insulin-like growth factor-1 (IGF-1): 
estrogen and GH administration to IGF-1-knockout 
ratsshowed significantly decreased mammary develop- 
ment when compared to age-matched IGF-1-intact 
controls. Combined estrogen and IGF-1 treatment in 
these IGF-1-knockout rats restored mammary growth 
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(6,7). In addition, Walden et al. demonstrated that GH 
stimulated production of IGF-1 mRNA in the mam- 
mary gland itself, suggesting that IGF-1 production in 
the stromal compartment of the mammary gland acts 
locally to promote breast development (8). Furthermore, 
other data indicate that estrogen promotes GH secretion 
and increased GH levels, stimulating the production of 
IGF-1, which synergizes with estrogen to induce ductal 
development. 

Like estrogen, progesterone has minimal effects 
on breast development without concomitant anterior 
pituitary hormones. For example, prolonged treatment 
of dogs with progestogens such as depot medroxypro- 
gesterone acetate or proligestone caused increased GH 
and IGF-1 levels, suggesting that progesterone may 
also have an effect on GH secretion (9). Maximal cell 
proliferation has also been correlated to specific phases 
in the female menstrual cycle. For example, maximal 
proliferation occurs during the luteal phase, when 
progesterone reaches levels of 10 to 20 ng/ml (31-62 
nnmol) and estrogen levels are two to three times lower 
than that in the follicular phase (2). Furthermore, 
immunohistochemical studies of ER and PR showed 
that the highest percentage of proliferating cells, found 
almost exclusively in the type-1 lobules, contained the 
highest percentage of ER and PR positive cells (2). 
Similarly, there is immunocytological presence of ER, 
PR, and androgen receptors (AR) in gynecomastia 
and male breast carcinoma. ER, PR, and AR expression 
was observed in 100% (30/30) of gynecomastia cases 
(10). Given these data and the fact that PR-knockout 
mice lack alveolar development in breast tissue, it 
appears as if progesterone, in an analogous mechanism 
to that of estrogen, may increase GH secretion via 
action at its receptor in mammary tissue in order to 
enhance breast development—specifically, alveolar 
differentiation (4,11). 


Figure 1 Hormones affecting growth and differentiation of breast 
tissue. Abbreviations: AR, androgen receptor; ER, estrogen recep- 
tor; GH, growth hormone; PR, progesterone receptor; +, stimulatory 
(dark arrows); -, inhibitory (light arrow). 


Prolactin is another anterior pituitary hormone 
integral to breast development. Prolactin may also be 
produced in the epithelial cells of normal mammary 
tissue as well as in breast tumors (12,13). Prolactin 
stimulates epithelial cell proliferation only in the 
presence of estrogen and enhances lobulo-alveolar 
differentiation only with concomitant progesterone. 
Recently, receptors for luteinizing hormone and human 
chorionic gonadotropin have been found in both male 
and female breast tissues, although its function remains 
to be determined (14). The male breast is similar in 
embryonic development to the female but undergoes 
much less stimulation in the peripubertal period (the- 
larche and puberty). 


O ANDROGEN AND AROMATASE 


Estrogen effects on the breast may be the result of 
either circulating estradiol levels or locally produced 
estrogens. Since aromatase P450 catalyzes the conver- 
sion of the C19 steroids (androstenedione, testoster- 
one, and 16-a -hydroxyandrostenedione) to estrone, 
estradiol-178, and estriol, an overabundance of sub- 
strate or an increase in enzyme activity can increase 
estrogen concentrations, thus initiating the cascade 
that produces abnormal breast development in males. 
For example, in the more complete forms of androgen 
insensitivity syndromes in genetically male (XY) 
patients, excess androgen aromatizes into estrogen 
that causes not only gynecomastia but also a pheno- 
typic female appearance. Furthermore, the biologic 
effects of overexpression of the aromatase enzyme in 
female and male mice transgenic for the aromatase 
gene result in increased breast proliferation. In female 
transgenetics, overexpression of aromatase promotes 
the induction of hyperplastic and dysplastic changes 


in breast tissue. Overexpression of aromatase in male 
transgenics caused increased mammary growth and 
histological changes similar to gynecomastia, with an 
increase in ER and PR and an increase in downstream 
growth factors such as TGF-B and bFGF (15). 
Interestingly, treatment with an aromatase inhibitor 
leads to involution of the mammalian gland pheno- 
type (16). Thus, although androgens do not stimulate 
human breast development directly, they may do so if 
they aromatize to estrogen. This occurs in cases of 
androgen excess or in patients with increased aroma- 
tase activity. 


O PHYSIOLOGIC GYNECOMASTIA 


Enlargement of the male breast is termed “gynecomas- 
tia,” and this process can occur normally during three 
different phases of life. The first occurrence of gyneco- 
mastia may be in both male and female newborns. 
This is typically caused by the high maternal levels of 
hCG, estradiol, and progesterone during pregnancy, 
which stimulates breast tissue. This type of gyneco- 
mastia can persist for several weeks after birth and can 
cause mild breast discharge that is colloquially called 
“witch’s milk” (2). 

Puberty marks the second stage at which gyneco- 
mastia can occur physiologically. In fact, up to 60% of 
boys have detectable gynecomastia by the age of 14. 
This is mostly bilateral, although it can occur unilater- 
ally, and usually resolves within three years of onset 
(2). Interestingly, in early puberty, the pituitary gland 
releases gonadotropins in order to stimulate testicular 
production of testosterone, mostly at nighttime. 
Estrogens, however, rise throughout the entire day. 
Some studies have shown that a decreased androgen 
to estrogen ratio exists in boys with pubertal gyneco- 
mastia when compared with boys who do not develop 
gynecomastia (17). Furthermore, another study showed 
increased aromatase activity in the skin fibroblasts of 
boys with gynecomastia. Thus, the mechanism by 
which pubertal gynecomastia occurs may be due either 
to decreased production of androgens or to increased 
aromatization of circulating androgens, thus increasing 
the estrogen to androgen ratio (18). 

The third age range in which gynecomastia is 
frequently seen is during older age (greater than 60 
years). Although the exact mechanisms have not been 
fully elucidated, evidence suggests that this may result 
fromincreased peripheral aromatase activity secondary 
to the increase in total body fat, coupled with mild 
age-associated hypogonadism. For instance, increased 
urinary estrogen levels have been observed in obese 
individuals, as well as aromatase expression in adipose 
tissue (19). Thus, like the gynecomastia of obesity, the 
gynecomastia of aging may partly result from increased 
aromatase activity, causing increased circulating 
estrogen levels (20). As aromatase activity tends to 
increase with age in the adipose tissue already present, 
the typical increase in total body fat with age will serve 
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to increase circulating estrogens even further. Lastly, 
sex hormone-binding globulin (SHBG) increases with 
age in men. Since SHBG binds estrogen with less 
affinity than testosterone, the bioavailable estradiol to 
bioavailable testosterone ratio may increase in the 
obese older male. 


O PATHOLOGIC GYNECOMASTIA 
Increased Estrogen 


Since the development of breast tissue in males occurs 
in an analogous manner to that in females, the same 
hormones that affect female breast tissue can cause 
gynecomastia (please see above). Serum levels of 
estradiol and estrone in the adult male are principally 
the product of peripheral aromatization of testosterone 
and androstenedione (21). Direct secretions of estro- 
gens by the testes comprise only a small fraction of 
estrogens in circulation (i.e., 15% of estradiol and 5% of 
estrone). Thus, any cause of estrogen excess can lead to 
increased breast development. 


Tumors 


Testicular tumors can lead to increased blood estrogen 
levels by estrogen overproduction, androgen overpro- 
duction with peripheral aromatization to estrogens, 
and ectopic secretion of gonadotropins that stimulate 
otherwise normal Leydig cells. Tumors that cause an 
overproduction of estrogen represent an unusual 
but important cause of estrogen excess. Examples of 
estrogen-secreting tumors include Leydig cell tumors, 
Sertoli cell tumors, granulosa cell tumors, and adrenal 
rest tumors (Table 1). 

Interstitial cell tumors, or Leydig cell tumors, 
constitute 1% to 3% of all testis tumors. These usually 
occur in men between the ages of 20 and 60, although 
up to 25% may occur prepubertally. When the tumor 
occurs prior to puberty, isosexual precocity, rapid 


Table 1 Examples of Estrogen-Secreting Tumors 


Hormone Aromatase over- 
Tumor type produced activity 
Leydig cell Testosterone, estrogen 
tumor 
Sertoli cell Estrogen + (in Peutz—Jegher 
tumor syndrome), 
+ (in Carney 
complex) 
Germ cell B-hCG, estrogen 
tumor 
Granulosa Estrogen 
cell tumor 
Adrenal Dehydroepiandrosterone, 
tumors dehydroepiandros- 


terone sulfate, and 
androstenedione, 
which are converted in 
the periphery to 
estrogens 
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somatic growth, and increased bone age with elevated 
serum testosterone and urinary 17-ketosteroid levels 
are the presenting features. In adults, elevated estrogen 
levels may develop, coupled with a palpable testicular 
mass and gynecomastia. Although mostly benign, 
Leydig cell tumors may be malignant, and metastatic 
sites include the lung, liver, and retroperitoneal lymph 
nodes (22,23). 

Sertoli cell tumors comprise less than 1% of all 
testicular tumors and may present at all ages, but about 
one-third occur in patients less than 13 years—often 
in boys under six months of age. Although they may 
arise in young boys, they usually do not produce endo- 
crinologic effects in children. Gynecomastia occurs in 
one-third of cases, presumably due to increased estro- 
gen production. Up to 10% of Sertoli cell tumors are 
malignant (23). 

Granulosa celltumors arerare testicularneoplasms 
that can also overproduce estrogen. Only 11 cases have 
been reported in the literature, with gynecomastia, a 
presenting feature in half of them (24). 

Germ cell tumors are the most common cancer in 
males between the ages of 15 and 35. These tumors are 
divided into seminomatous and nonseminomatous 
subtypes and include embryonal carcinoma, yolk sac 
carcinoma, choriocarcinoma, and teratomas. Elevated 
alpha-fetoprotein and B-hCG function as reliable 
markers in some tumors. Increased levels of B-hCG 
stimulate the Leydig cell luteinizing hormone (LH) 
receptor, producing increased testicular androgen and 
estrogen. The estrogens from direct secretion and by 
aromatization of testosterone and androstenedione 
can cause gynecomastia. Although germ cell tumors 
generally arise in the testes, they can also originate 
extra-gonadally—for example, in the mediastinum. 
These extragonadal tumors also possess the capability 
of producing B-hCG, but they must be differentiated 
from a multitude of other tumors, such as large cell 
carcinomas of the lung, which can synthesize ectopic 
BhCG (25). 

Some neoplasms that overproduce estrogens also 
possess aromatase overactivity. Sertoli cell tumors in 
boys with Peutz—Jegher syndrome, an autosomal 
dominant disease characterized by pigmented macules 
on the lips, gastrointestinal polyposis, and hormonally 
active tumors in males and females, for instance, have 
repeatedly demonstrated aromatase over activity. 
Presenting features will include gynecomastia, rapid 
growth, and advanced bone age (26-28). Feminizing 
Sertoli cell tumors with increased aromatase activity 
can also be seen in the Carney complex, an autosomal 
dominant disease characterized by cardiac myxomas, 
cutaneous pigmentation, adrenal nodules, and hyper- 
cortisolism. Other than sex-cord tumors, fibrolamellar 
hepatocellular carcinoma has also been shown to pos- 
sess ectopic aromatase activity, causing severe gyneco- 
mastia in a 17-year-old boy (29). Furthermore, adrenal 
tumors can secrete excess dehydroepiandrosterone, 
dehydroepiandrosterone sulfate, and androstenedione 
that can then be aromatized peripherally to estradiol. 


Nontumor Causes of Estrogen Excess 
Increased Aromatase Activity 


Besides tumors, other conditions associated with 
excessive aromatization of testosterone and androgens 
to estrogen also result in gynecomastia. For instance, a 
familial form of gynecomastia has been discovered in 
which affected family members have an elevation of 
extragonadal aromatase activity (30). More recently, 
novel gain-of-function mutations in chromosome 15 
have been reported to cause gynecomastia, possibly by 
forming cryptic promoters that lead to over-expression 
of aromatase (31). As stated above, obesity may cause 
estrogen excess through increased aromatase activity 
in adipose tissue. Furthermore, hyperthyroidism 
induces gynecomastia through several mechanisms, 
including increased aromatase activity (2). 


Displacement of Estrogens from SHBG 


Another cause of gynecomastia is estrogen displace- 
ment from its carrier protein SHBG, Since SHBG binds 
androgens more avidly than estrogen, any condition 
or drug that can displace steroids from SHBG will 
more easily displace estrogen, allowing for higher cir- 
culating levels of free estrogens relative to free 
androgens. 


Decreased Testosterone and 
Androgen Resistance 


Breast development requires the presence of estrogen. 
Androgens, on the other hand, oppose the estrogenic 
effects. Thus, equilibrium exists between the higher 
serum levels of androgens relative to estrogens in the 
adult male to prevent growth of breast tissue, whereby 
either an increase in estrogen or a decrease in andro- 
gen can tip the balance toward gynecomastia. 

Any pathologic state that results in increased 
estrogen levels will also increase glandular prolifera- 
tion by several mechanisms, including the direct stim- 
ulation of glandular tissue and the suppression of LH, 
therefore decreasing testicular testosterone secretion 
and exaggerating the already high estrogen to andro- 
gen ratio. 

Primary hypogonadism reduces serum testoster- 
one levels and increases serum LH levels; increased 
LH stimulates aromatase activity in the testes resulting 
in increased testicular estradiol production and an 
increased estrogen to androgen ratio (21). Klinefelter’s 
syndrome (KS) (occurring in 1 in 500 males who possess 
an XXY karyotype and primary testicular failure) is 
an example of a form of primary hypogonadism gyne- 
comastia secondary to decreased testosterone produc- 
tion, compensatory increased LH secretion, over 
stimulation of the Leydig cells, and relative estrogen 
excess. Lastly, enzyme deficiencies in the testosterone 
synthesis pathway from cholesterol also result in 
depressed testosterone levels, and, hence, a relative 
increase in estrogen. For example, a deficiency of 17- 
oxosteroid reductase, the enzyme that catalyzes the 


conversion of androstenedione to testosterone and 
estrone to estradiol, will cause both a decrease in circu- 
lating testosterone levels and an elevation in estrone 
and androstenedione that are then further aromatized 
to estradiol (20). 

Secondary hypogonadism, if severe enough, 
results in low serum testosterone and an unopposed 
estrogen effect from the normal conversion of adrenal 
precursors to estrogens (21). Thus, patients with 
Kallmann’s syndrome (a form of congenital second- 
ary hypogonadism with anosmia) also develop 
gynecomastia. 

The androgen-resistance syndromes, including 
complete and _ partial testicular feminization 
(e.g., Reifenstein’s syndrome), are characterized by 
gynecomastia and varying degrees of pseudohermaph- 
roditism. Kennedy syndrome, a neurodegenerative 
disease, is also associated with decreased effective 
testosterone due to a defective androgen receptor (2). 
In this group of androgen-resistance syndromes, 
androgens are not recognized by the peripheral 
tissues, including the breast and pituitary. Androgen 
resistance at the pituitary results in elevated serum LH 
levels and increased circulating testosterone. The 
increased serum testosterone is then aromatized 
peripherally, promoting gynecomastia. Thus, gyneco- 
mastia is the result of increased estradiol levels that 
arise due to androgen unresponsiveness. 


Other Diseases 


Other disease states have also resulted in gynecomas- 
tia. Men with end-stage renal disease may have reduced 
testosterone and elevated gonadotropins. This apparent 
primary testicular failure may then lead to increased 
breast development (11). 

The gynecomastia of liver disease, however— 
particularly cirrhosis—does not have a clear etiology. 
Some have speculated that this type of gynecomastia is 
the result of estrogen overproduction, possibly 
secondary to increased extraglandular aromatization 
of androstenedione, which may have decreased hepatic 
clearance in cirrhotics. Testosterone administration to 
cirrhotic patients, however, causes a rise in estradiol, 
but decreases the prevalence of gynecomastia (5,32,33). 
Therefore, although the association of gynecomastia 
with liver disease is apparent, current data are 
conflicting, and the mechanism by which this occurs 
remains unclear. 

Thyrotoxicosis is also associated with gyneco- 
mastia. Patients often have elevated estrogen that may 
result from a stimulatory effect of thyroid hormone 
(TH) on peripheral aromatase. Testosterone may also 
be increased due to a TH-stimulated increase in SHBG, 
as free testosterone is usually normal. Since SHBG 
binds testosterone more avidly than estradiol, there is 
a higher ratio of free estradiol to free testosterone. 
Thus, with normal testosterone and increased estrogen, 
there is an elevated estrogen to testosterone ratio. 
In addition, LH is also increased, which may also 
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stimulate testicular aromatase activity and estrogen 
synthesis (11,34). 

Gynecomastia can also follow the occurrence of 
spinal cord disorders. Most patients with spinal cord 
disorders display depressed testosterone levels, and, 
in fact, can develop testicular atrophy with resultant 
hypogonadism and infertility. It has been speculated 
that this may result from recurrent urinary tract infec- 
tions, increased scrotal temperature, and a neuropathic 
bladder, which ultimately cause acquired primary testi- 
cular failure. The exact mechanism, however, remains 
elusive (35). (For further information on infertility and 
spinal cord injury, refer to Chapter 39.) 

“Refeeding gynecomastia” refers to the breast 
development that may occur in men recovering from a 
malnourished state (1). Although most cases regress 
within seven months, the etiology of this phenomenon 
has not been fully elucidated. 

HIV patients can also develop gynecomastia. 
This is likely due to the high incidence of androgen 
deficiency in these patients due to multiple factors, 
including primary and secondary hypogonadism (21). 


Drugs 


A significant percentage of gynecomastia is caused by 
medications or exogenous chemicals that result in 
increased estrogen effect. This may occur by several 
mechanisms: (i) synergistic action with estrogen due to 
intrinsic estrogen-like properties of the drug, (ii) the 
production of increased endogenous estrogen, or (iii) 
the excess supply of an estrogen precursor (e.g., test- 
osterone or androstenedione) that can be aromatized 
to estrogen. Examples of drugs that cause gynecomas- 
tia are listed in Tables 2 and 3. Contact with estrogen 
vaginal creams, for instance, can elevate circulating 
estrogen levels in both men and women. These may or 
may not be detected by standard estrogenic quantita- 
tive assays. An estrogen-containing embalming cream 
has been reported to cause gynecomastia in morticians 
(36,37). Recreational use of marijuana, a phytoestro- 
gen, has also been associated with gynecomastia. It has 
been suggested that digitalis causes gynecomastia due 
to its ability to bind to ERs (11,38). The appearance of 
gynecomastia has been described in body builders and 
athletes after the administration of aromatizable andro- 
gens. This latter type of gynecomastia is presumably 
caused by an excess of circulating estrogens due to the 
conversion of androgens to estrogen by peripheral 
aromatase enzymes (39). 

In general, drugs and chemicals that cause 
decreased testosterone levels by causing direct 
testicular damage, blocking testosterone synthesis, or 
blocking androgen action can produce gynecomastia. 
For instance, phenothrin, a chemical component in 
delousing agents that possesses antiandrogenic activ- 
ity, has been attributed as the cause of an epidemic of 
gynecomastia among Haitian refugees in U.S. deten- 
tion centers in 1981 and 1982 (40). Chemotherapeutic 
drugs such as alkylating agents may cause Leydig cell 
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Table 2 Drugs that Induce Gynecomastia by Known Mechanisms 


Displace 
estrogen from 


Estrogen-like, or Stimulate Direct Block Block sex hormone- 
binds to estrogen estrogen Supply aromatizable testicular testosterone androgen binding 
receptor synthesis estrogen precursors damage synthesis action globulin 
Estrogen (i.e., Gonadotropins Exogenous androgen Busulfan Ketoconazole Flutamide Spironolactone 
vaginal cream, Growth Androgen precursors (i.e., Nitrosurea Spironolactone Bicalutamide Ethanol 
estrogen- hormone androstenedione and Vincristine | Metronidazole Finasteride 
containing dehydroepiandrosterone) Ethanol Etomidate Cyproterone 
embalming Zanoterone 
cream) Cimetidine 
Delousing powder Ranitidine 
Digitalis Spironolactone 
Clomiphene 
Marijuana 


and germ cell damage, resulting in primary hypo- 
gonadism. Flutamide, an antiandrogen used as treat- 
ment for prostate cancer, blocks androgen action in 
peripheral tissues, while cimetidine blocks androgen 
receptors. Ketoconazole, on the other hand, can inhibit 
steroidogenic enzymes required for testosterone 
synthesis. Spironolactone causes gynecomastia by 
several mechanisms; like ketoconazole, it can block 
androgen production by inhibiting enzymes in the 
testosterone synthetic pathway (ie., 17a-hydroxylase 


Table 3 Drugs that Cause Gynecomastia by Uncertain 
Mechanisms 


Cardiac and antihypertensive medications 
Calcium channel blockers (verapamil, nifedipine, diltiazem) 
Angiotensin-converting enzyme inhibitors (captopril, enalapril) 
B blockers 
Amiodarone 
Methyldopa 
Reserpine 
Nitrates 

Psychoactive drugs 
Neuroleptics 
Diazepam 
Phenytoin 
Tricyclic antidepressants 
Haloperidol 

Drugs for infectious diseases 
Indinavir 
Isoniazid 
Ethionamide 
Griseofulvin 

Drugs of abuse 
Amphetamines 

Others 
Theophylline 
Omeprazole 
Auranofin 
Diethylpropion 
Domperidone 
Penicillamine 
Sulindac 
Heparin 


and 17-20-desmolase), but it can also block receptor 
binding of testosterone and dihydrotestosterone (41). 
Spironolactone also can displace estradiol from SHBG, 
increasing free estrogen levels. Ethanol increases the 
estrogen to androgen ratio, and as it is associated with 
increased SHBG, it decreases free testosterone levels. 
Ethanol also increases hepatic clearance of testosterone 
and has a direct toxic effect on the testes (21). 

Besides the agents discussed above, a multitude 
of other pharmaceutical and recreational drugs may 
cause gynecomastia, albeit by unknown mechanisms 
(Table 3). 


O0 MALE BREAST CANCER 


Male breast cancer is rare, comprising only 0.2% of all 
male cancers and a very small percentage of men with 
gynecomastia. Factors that may increase the risk for 
male breast cancer include KS, exogenous estrogen 
exposure, a previous family history, and the presence 
of testicular disorders. It is unclear if these factors are 
specific risks for breast cancer or if they are linked to 
the stimulatory process responsible for gynecomastia. 
Since breast cancers occur much more frequently in KS 
than in other forms of hypogonadal gynecomastia 
states, it is presumed that the risk of breast cancer in KS 
is an integral part of the XXY chromosome state. New 
evidence suggests that obesity and the consumption 
of red meat may also raise the risk for the development 
of male breast cancer (42). 


Patient Evaluation 
History and Physical Examination 


At presentation, all patients require a thorough history 
and physical exam. Particular attention should be 
given to medications, drug and alcohol abuse, as 
well as other chemical exposures. Symptoms of under- 
lying systemic illness, such as hyperthyroidism, liver 
disease, or renal failure should be sought. Notably, the 


clinician must recall neoplasm as a possible etiology 
and should establish the duration and timing of breast 
development. Rapid, recent breast growth should be 
more concerning than a history of chronic gynecomas- 
tia. Additionally, the clinician should inquire about 
fertility, erectile dysfunction, and libido in order to 
rule out hypogonadism, either primary or secondary, 
as a potential cause. 

In the authors’ experience, the breast examina- 
tion is best performed with the patient supine and 
with the examiner palpating from the periphery to 
the areola. The glandular mass should be measured 
in diameter. Gynecomastia is diagnosed by finding 
subareolar breast tissue of 2 cm in diameter or greater. 
Malignancy is suspected if an immobile firm mass 
is found on physical examination. Skin dimpling, 
nipple retraction or discharge, and axillary lymph- 
adenopathy further support malignancy as a possible 
diagnosis. 

Athorough testicular exam is essential. Bilaterally 
small testes imply testicular failure, while asymmetric 
testes or a testicular mass suggest the possibility of a 
testicular neoplasm. Visual field impairment may 
suggest pituitary disease. Physical findings of under- 
lying systemic conditions such as thyrotoxicosis, 
HIV disease, liver, or kidney failure should also be 
assessed. 


Laboratory Evaluation 


All patients who present with gynecomastia should 
have serum testosterone, estradiol, LH, and B-hCG 
measured. Further testing should be tailored accord- 
ing to the history, physical examination and the results 
of these initial tests. An elevated B-hCG or a markedly 
elevated serum estradiol suggests neoplasm, and a 
testicular ultrasound is warranted to identify a testicu- 
lar tumor, all the while keeping in mind, however, that 
other nontesticular tumors can also secrete B-hCG. 
A low testosterone level with elevated LH and normal- 
to-high estrogen level indicates primary hypogonad- 
ism. If the history suggests KS, then a karyotype should 
be performed for definitive diagnosis. Low testoster- 
one, low LH, and normal estradiol levels imply sec- 
ondary hypogonadism, and hypothalamic or pituitary 
causes should be sought. If testosterone, LH, and estra- 
diol levels are all elevated, then the diagnosis of 
androgen resistance should be entertained. Liver, 
kidney, and thyroid function should be assessed if the 
physical examination suggests any of these conditions. 
Furthermore, if examination of the breast tissue raises 
a suspicion for malignancy, a biopsy should be 
performed. This is of particular importance in patients 
with KS, who harbor an increased risk of breast 
cancer. 


Treatment 


Treatment of the underlying endocrinologic or sys- 
temic cause of gynecomastia is mandatory. Testicular 
tumors such as Leydig cell, Sertoli cell, or granulosa 
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cell tumors should be surgically removed. In addition 
to surgery, germ cell tumors are further managed with 
chemotherapy involving cisplatin, bleomycin, and 
either vinblastine or etoposide (22,23). Should under- 
lying thyrotoxicosis, chronic renal failure, or hepatic 
failure be discovered, appropriate therapy should be 
initiated. Medications that cause gynecomastia should 
also be discontinued whenever possible, based on their 
roles in management of the underlying condition. If a 
breast biopsy indicates malignancy, then mastectomy 
should be performed (please see below). 

If no pathogenic mechanism is uncovered and 
the degree of gynecomastia is modest, then close obser- 
vation is the appropriate treatment. A careful breast 
exam should be done every three months until the 
gynecomastia regresses or stabilizes, after which a 
breast exam may be performed yearly. It is important 
to remember that some cases of gynecomastia, espe- 
cially that which occurs in pubertal boys, can resolve 
spontaneously. 


Medical Treatment 


If the gynecomastia is severe, does not resolve, and 
does not have a treatable underlying cause, some 
medical therapies may be attempted. There are three 
classes of medical treatment for gynecomastia: andro- 
gens (testosterone, dihydrotestosterone, and danazol), 
antiestrogens (clomiphene citrate and tamoxifen), and 
aromatase inhibitors (testolactone). 

Unfortunately, testosterone treatment of hypogo- 
nadal men with gynecomastia often fails to produce 
breast regression once gynecomastia is established, 
and it may actually produce the adverse side effect of 
further gynecomastia. Thus, although testosterone is 
used to treat hypogonadism, its use to counteract gyne- 
comastia specifically is limited (43). 

Dihydrotestosterone, a nonaromatizable andro- 
gen (i.e., does not get converted to estrogens), has been 
used in patients with prolonged pubertal gynecomas- 
tia with good response rates (44). Since dihydrotestos- 
teroneis giveneitherintramuscularly orpercutaneously, 
however, this may restrict its usefulness. 

Danazol, a weak androgen that inhibits gonado- 
tropin secretion and results in decreased serum testos- 
terone levels, has been used as a treatment of 
gynecomastia. In one trial, it resolved gynecomastia in 
23% of patients as opposed to placebo (12%) (45). 
Unfortunately, the undesirable side effects of edema, 
acne, and cramps have limited the use of danazol (21). 

Clomiphene citrate is both a weak estrogen and 
an antiestrogen. Investigators have reported a 64% 
response rate with 100 mg/day of clomiphene citrate. 
Lower doses of clomiphene have shown varied results, 
indicating that higher doses may need to be adminis- 
tered (46). 

Tamoxifen is a more potent antiestrogen than 
clomiphene and has been studied in two randomized, 
double-blind studies in which a statistically significant 
regression in breast size was achieved, although 
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complete regression was not documented (47). 
One study compared tamoxifen with danazol in the 
treatment of gynecomastia. Although patients taking 
tamoxifen had a greater response, with complete 
resolution occurring in 78% as against 40% in the 
danazol-treated group, the relapse rate was higher 
(48). Although complete breast regression may not 
be achieved due to the risk of recurrence with tamoxi- 
fen, due to the relatively lower side effect profile, 
this drug may be a more reasonable choice when com- 
pared to the other therapies. Tamoxifen should be 
given at a dose of 10 mg twice a day for at least three 
months (21). 

An aromatase inhibitor, testolactone, has also 
been studied in an uncontrolled trial with promising 
effects (49). Further studies must be performed on this 
drug before any recommendations can be established 
on its usefulness in the treatment of gynecomastia. 

Newer aromatase inhibitors such as anastrozole 
and letrozole may have therapeutic potential (50,51), 
but recent randomized, double-blind, placebo- 
controlled trials involving patients receiving bicaluta- 
mide therapy for prostate cancer showed that 
tamoxifen, but not anastrozole, significantly reduced 
the incidence of gynecomastia/breast pain when used 
prophylactically and therapeutically (52,53). 


Surgical Treatment 


Surgical therapy is appropriate when medical therapy 
is ineffective (particularly in cases of long-standing 
gynecomastia), when the patient’s activities of daily 
living are compromised, or when there is suspicion of 
malignancy of breast. This includes removal of glandular 
tissue, and, if needed, liposuction. In the authors’ expe- 
rience, the use of delicate cosmetic surgical techniques is 
warranted to prevent unsightly scarring. 
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O INTRODUCTION 


Cancer of the male breast is an uncommon diagnosis, 
accounting for less than 0.1% of all malignancies in 
men and only 1% of total breast cancers (1). It is 
estimated that approximately 2000 new cases of male 
breast cancer are diagnosed and 400 deaths do occur 
from that disease each year in the United States. The 
first description of male breast cancer dates back 
to 3000 B.C. and can be found on the Edwin Smith 
Papyrus, the world’s earliest known medical docu- 
ment (2). In the 14th century, the English surgeon, John 
of Aderne, reported on a priest of Colstone with a 
slowly growing wound of the right nipple—an entity 
that is now recognized as Paget’s disease (3). It was not 
until 1927, however, that Wainwright reported an 
actual diagnosis of male breast cancer (4). 


O EPIDEMIOLOGY 


The incidence of male breast cancer has remained rela- 
tively steady over the past 50 years (5); this is in sharp 
contrast to the rising rate of female breast cancer. The 
incidence of breast cancer in men is one-hundredth of 
that in women and accounts for less than 1% of the 
annual cancer deaths in men. The prevalence of male 
breast cancer increases with age: it is rare before the 
fourth decade of life and most common in the sixth 
decade of life (6). The geographic variance in incidence 
is striking, ranging from 0.1 cases per 100,000 in 
Hungary and Japan to 3.4 cases per 100,000 in Brazil (7). 
Sparse registry data from Africa suggest an even higher 
male/female ratio of breast cancer in a narrow band 
through the center of the continent from Angola 
to Tanzania (8). Interestingly, this is consistent with 
the male/female ratio of breast cancer in African- 
Americans, which is 1.4 to 100 versus 1 to 100 in 
American whites (9). 

Several risk factors have been identified for 
male breast cancer through a meta-analysis of case- 
control studies, including: men who have a family 
history of breast cancer as well as those who have 
never been married, are of Jewish descent, or have 
liver disease, testicular pathology, prior benign breast 


disease, including gynecomastia, or prior chest wall 
irradiation. 


Hormonal Factors 


The best explanation for the origin of male breast 
cancer is that of hormonal imbalance caused by 
androgen deficiency and a relative increase in endoge- 
nous estrogen levels or by the presence of excess estro- 
gen. Such hormonal imbalances may occur in 
individuals with a history of testicular pathology such 
as undescended testes, mumps at an age greater than 
20 years (thus increasing the risk of mumps orchitis), 
and testicular trauma (10). The presence of excess 
estrogen may be due to the use of medications or the 
intake of exogenous chemicals that result in an 
increased estrogen effect. (For further information, see 
Chapter 42.) 

Perhaps the strongest hormonal risk factor for the 
development of male breast cancer is a history of 
Klinefelter’s syndrome, a rare condition with a 
frequency of 1 or 2 per 1000 men that results from the 
inheritance of an additional X chromosome. The 
characteristic clinical findings include atrophic testes, 
low plasma testosterone, high plasma follicle- 
stimulating hormone and luteinizing hormone (LH), 
and gynecomastia. The relative risk for male breast 
cancer in these men is 50:1 when compared to men 
with a normal genotype. Approximately 4% of men 
with breast cancer have Klinefelter’s syndrome. Most 
of these are associated with gynecomastia and have a 
mean age at diagnosis of 58 years (11,12). The late age 
of onset may suggest that prolonged exposure to an 
abnormal hormonal milieu is required for the develop- 
ment of male breast cancer. Given the increased risk of 
male breast cancer in these patients, any palpable 
breast mass should receive a thorough evaluation. 

Chronic liver disease—notably bilharziasis and 
alcoholism—represents another hormonal risk factor 
for male breast cancer (13), probably via altered estro- 
gen metabolism. Bilharziasis is the term applied to the 
infestation with schistosomiasis that can lead to liver 
damage and is responsible for a doubling of male 
breast cancer risk in Egypt, Sudan, and Zambia (14). 
Chronic alcoholism is associated with a twofold 
relative risk (15,16) independent of cirrhosis, which 
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conveys only a slight increase in risk (9). It is important 
to note that these studies addressed patients with liver 
disease who also had coexisting gynecomastia, which 
has been linked to male breast cancer in its own right. 
Although the association between gynecomastia and 
male breast cancer remains unclear, it is thought that 
an increased estrogen/testosterone ratio may play a 
role in causing malignancy. The underlying process 
that leads to the development of gynecomastia in an 
individual, however, may actually be of more signifi- 
cance than the mere presence of gynecomastia itself. 
Some agents known to cause gynecomastia, such as 
marijuana use and thyroid disease, have not been 
linked to an increased risk of male breast cancer, 
whereas male breast cancer has been reported in three 
patients who used finasteride, a competitive and 
specific inhibitor of Type II 5-a-reductase for the treat- 
ment of benign prostatic hyperplasia (17). It is possible 
that the association between gynecomastia and male 
breast cancer may be overreported in the literature as it 
is subject to recall bias on the part of the patient and 
diagnostic-awareness bias on the part of the physician. 
It is certain, however, that both the incidences of gyne- 
comastia and male breast cancer increase with age. 


Family History/Genetics 


A positive family history is a significant risk factor for 
female breast cancer. Male breast cancer appears to be 
no exception although there is a paucity of information 
on accurate pedigrees. Familial male breast cancer was 
first reported in 1889 (18) and fewer than 20 cases of 
related men with breast cancer are found in the litera- 
ture (19). Retrospective series, however, have reported 
a positive family history in 5% to 27% of cases, 
predominantly in first-degree female relatives (20). 
Also, sisters and daughters of male breast cancer 
patients have a relative risk of two to three of developing 
breast cancer (21). When two or more family members 
are affected (either male or female), the possibility of 
hereditary breast cancer should be evaluated and 
genetic screening initiated. 

A variety of specific genetic mutations have been 
identified in association with male breast cancer and 
the most significant appears to be linkage to the BRCA2 
gene on chromosome 13q12-13 (22). BRCA2 accounts 
for up to 35% of inherited breast cancer in men and 
women. BRCA2 mutations were found in 40% of male 
breast cancers in Iceland over the past 40 years (23). 
In a study of 34 male breast cancers in Sweden, 20% 
had BRCA2 mutations (24). 

Conversely, mutations of the BRCA1 gene do not 
appear to be linked to male breast cancer (25), and 
mutations of the p53 gene account for only a small 
fraction of patients with male breast cancer (26). Other 
non-BRCA1/2 gene mutations such as loss of heterozy- 
gosity at chromosome 11q13 and the short arm of 
chromosome 8 suggest that tumor-suppressor gene 
mutations may be involved (27). A mutation in exon 3 
(G to A substitution) of the androgen receptor gene 


was observed in two brothers with male breast cancer, 
hypospadias, and undescended testes (28). 


O DIAGNOSIS 


Clinical awareness of male breast cancer is essential to 
its diagnosis and early treatment. Most patients will 
present with a palpable mass that is more commonly 
fixed to the underlying tissue or skin than in women. 
Nipple discharge is frequent, occurring in 80% of 
patients. Bloody discharge is highly sensitive for malig- 
nancy, with an incidence of 13.7% in malignant lesions 
versus 2.1% in benign lesions in one series (29). The left 
breast is more commonly involved than the right breast 
in most series (20). 

Although mammography is technically more 
difficult secondary to small breast size, it can help to 
differentiate between gynecomastia and breast cancer 
(30). It is also useful in follow-up screening of the 
contralateral breast, which, like in females, has an 
increased risk of developing new primary cancers. 
Ultrasound with high-frequency linear transducers 
has been shown to be as effective as mammography at 
evaluating breast masses (31). Fine needle aspiration 
(FNA), however, has proved to be the diagnostic test 
of choice when in the hands of an experienced clinician 
and cytopathologist. No false negatives were seen in 
two large series (32,33), and the combination of FNA 
and physical examination was shown to be as accurate 
as and more cost-effective than open biopsy (34). 

Although the National Comprehensive Cancer 
Network has developed detailed algorithmic guide- 
lines for the evaluation and treatment of breast masses 
and breast cancer in women, no consensus exists for 
male breast lesions. 

The evaluation of the unilateral breast mass in 
the male poses an unusual challenge for the clinician. 
Traditionally, patients were routinely subjected to 
open biopsy; however, the high false-negative rate of 
over 90% has led to the proposal of several algorithms 
for the improved evaluation of a male breast mass. 
A proposed algorithm for the evaluation of a male 
breast mass is presented in Figure 1. Highly suspicious 
characteristics include firmness, fixation to pectoralis 
fascia or skin, subareolar location, skin changes (peau 
d’orange, edema, and erythema), and the presence of 
predisposing risk factors. 


O PATHOLOGY 


The most common histologic type of male breast cancer 
is invasive or infiltrating ductal carcinoma, which 
accounts for 85% of cases (35). Generally, the same 
types of breast carcinoma described in the female have 
also been reported in the male, but there are some 
notable differences. Although lobular carcinoma 
accounts for 15% of cases in women, it is quite rare in 
males (36). This rarity has been explained by the lack of 
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true acini and lobules in the normal male breast. Yet, 
male breast tissue can be induced to form lobules and 
acini under estrogenic stimulation, as seen in 
Klinefelter’s syndrome and exogenous estrogen admin- 
istration. Similarly, ductal carcinoma in situ [(DCIS); 
also referred to as noninvasive or intraductal] accounts 
for 20% of all female cases of breast cancer; in men, it 
represents only 10% to 15% of cases (37,38). As in 
women, the prognosis of male DCIS is excellent 
following mastectomy. In one series of 31 patients, 
there was a predominance of the papillary subtype, 
and comedocarcinoma was observed in only three 
patients. All lymph nodes sampled in 19 patients were 
negative (39). Lobular carcinoma in situ, once thought 
not to occur in males, has indeed been reported, albeit 
only a handful of times (36,37). Inflammatory, medul- 
lary, papillary, and tubular carcinomas account for less 
than 10% of the cases. Breast sarcomas, including 
cystosarcoma phylloides, liposarcomas, and leiomyo- 
sarcomas, have also been described infrequently. 
Paget’s disease accounts for up to 5% of female breast 
tumors but is far less common in the male, with fewer 
than 50 cases reported (40). 

Interestingly, invasive male breast cancers express 
estrogen receptors (ERs) far more commonly than 
in women; between 80% and 90% of men have ER- 
positive tumors (41-43). Progesterone receptors (PRs) 
are positive 25% to 75% of the time. Greater variability 
has been reported for c-erb B-2 (her-2-neu) in male 
breast cancer, with cytoplasmic immunopositivity 2+ 
or higher ranging between 9% and 81% in several small 
series (44—46), compared to 30% in female breast cancer. 
Similarly, nuclear staining for p53 has also varied 
widely—between 0% and 58% in several series (47—49). 
Other cellular differentiation markers that have been 
associated with male breast cancer include epidermal 
growth factor receptor, present in 14% to 76% of the 
cases (50,51), Cathepsin D, in 46% to 86% of the cases 
(52,53), and pepsinogen C, in 76% of the cases (54). 
Pepsinogen C scores were higher in well-differentiated 
tumors than poorly differentiated tumors and higher 
in ER-positive than ER-negative tumors. A trend 
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Figure 1 Proposed algorithm for the evaluation of a male breast 
mass. Abbreviations: FNA, fine needle aspiration; TX, treatment. 


toward improved survival was seen in a single study 
amongst patients with pepsinogen C—positive tumors, 
but this was not statistically significant. 

The special circumstance of breast metastasis in 
the case of prostate carcinoma must also be considered. 
The incidence of this occurrence is high—up to 5% of 
patients with advanced prostate carcinoma (55). Hence, 
distinguishing metastasis from a primary breast cancer 
can be difficult. Only seven primary breast cancers 
concurrent with prostate cancers have been reported 
in the English literature (56). Bilateral cases with 
multiple foci can be clues to a metastatic disease. 
Immunohistochemical staining for acid phosphatase 
and prostate-specific antigen can also help to resolve 
uncertainty (57). 


O PROGNOSTIC FEATURES 


Although it has been argued that male breast cancers 
have a poorer prognosis than female breast cancers, 
when matched for stage, there does not appear to be a 
difference between the two (58,59). Historically, higher 
stage at presentation has characterized male breast 
cancer, suggesting a biologically aggressive, hormone 
receptor—-negative, and high-grade tumor; however, 
the opposite case is true. The relatively aggressive 
behavior of male breast cancer occurs despite a lower 
histologic grade, a higher frequency of hormone recep- 
tor positivity, and an overall smaller size. A possible 
explanation for this phenomenon may be the result of 
the anatomic difference between male and female 
breasts. Due to the relatively reduced amount of breast 
tissue in males, the resultant proximity of even a small 
tumor to the skin of the male breast allows for a greater 
incidence of dermal lymphatic involvement in male 
breast cancer (60,61). In women, dermal lymphatic 
invasion is associated with a significantly worse prog- 
nosis and is in fact pathognomonic for inflammatory 
breast cancer. 

As in women, the most important prognostic 
factors for male breast cancer are stage, tumor size, 
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and the presence of lymph node metastasis. A series of 
335 male breast cancers over a 20-year period reported 
a 10-year survival rate of 84% for patients with 
negative nodes, 44% for patients with one to three 
positive nodes, and 14% for those with four or more 
positive nodes (62). Histologically, the presence of 
higher ploidy and S-phase cellular fractions do not 
affect prognosis, with aneuploidy commonly found in 
57% of the cases and an S-phase fraction in 9% of the 
cases (63,64). 


O TREATMENT 


The treatment of male breast cancer does not differ 
significantly from that of female breast cancer. 
Historically, male breast cancer patients have tended to 
present at a later stage of the disease, presumably sec- 
ondary to a delay in diagnosis (65). Nevertheless, the 
rates of node positivity and outcomes have remained 
similar to those of female breast cancer (66). 


Surgery 


As with female breast cancer, radical mastectomy 
(removal of the entire breast, all axillary lymph 
nodes, and the chest wall muscles under the breast) 
was the treatment of choice in earlier years, but this 
has given way to modified radical mastectomy 
(which removes the entire breast and levels I and II 
(of three levels) of the axillary lymph nodes) and 
simple (total) mastectomy (which removes the entire 
breast but not any axillary lymph nodes or chest wall 
muscles). No survival advantage was seen with more 
radical surgical procedures in limited studies (67). 
Unlike surgical therapy in female breast cancer, seg- 
mental resection of the involved quadrant of the 
breast has not been a high priority in males due to 
the lack of concern regarding cosmesis. Clinical 
examination of the axilla is inferior to definitive sur- 
gical exploration, but sentinel lymph node sampling 
with radionucleotide injection has been as effective 
in men as in women (68). Radiation therapy to the 
chest wall and regional draining lymph nodes has 
reduced locoregional recurrence but has had no 
impact on survival (69). Some authors have sug- 
gested routine irradiation of the internal mammary 
nodes since most male breast cancers arise in the cen- 
tral, subareolar area (70). Given the higher rate of 
cardiovascular disease in men, particular attention 
regarding radiation planning should be given to men 
with left breast cancer to minimize the subsequent 
risk of cardiomyopathy, coronary artery disease, and 
carotid vascular disease. 

Sites of metastatic disease are similar in men and 
women, and median survival from presentation with 
metastatic disease is 27 months (71). 


Hormonal Therapy 


Hormonal approaches to male breast cancer have been 
particularly successful. Steroid hormone-receptor 


estrogen receptor/progesterone receptor (ER/PR) 
positivity is high (70-90%) in male breast cancer, 
which is higher than the rate seen in women. The 
response rate to hormonal manipulation is 51% in 
unselected men and 71% in ER-positive patients (56), 
with the respective response rates in women being 
30% and 70%. 

Response to hormonal therapy is more common 
and longer lasting in men than in women. As with 
prostate cancer, hormone ablative strategies are the 
first approach. Orchiectomy has a response rate of 45% 
to 80% (72-75), adrenalectomy has a response rate of 
80% (75-77), and hypophysectomy has a response rate 
of 56% (78,79). Despite the proven benefit of castration, 
many men have been reluctant to pursue this option 
secondary to the psychological effect of surgical orchi- 
ectomy. Following the examples of prostate cancer and 
female breast cancer, chemical castration with an leuti- 
nizing hormone-releasing hormone (LHRH) analog 
has also been employed successfully as an adjuvant 
therapy (80) and for the treatment of metastatic (81) 
disease. 

Tamoxifen has also been used effectively in both 
adjuvant and metastatic settings. Thirty-nine patients 
with stage II or stage III breast cancer were given 
adjuvant tamoxifen without any chemotherapy; the 
five-year survival rate was 61% in the treatment group 
versus 44% in the historical control group (82). 


Chemotherapy 


Chemotherapy has generally been reserved for patients 
with advanced disease, who are ER negative or whose 
cancers have continued to progress despite hormonal 
therapy. The response rates to combination chemother- 
apy appear to be similar in male and female breast 
cancer. 

Adjuvant chemotherapy has been studied in a 
limited series of patients with stage II and stage III 
breast cancer. Twenty-four patients with stage II breast 
cancer were treated with cyclophosphamide, metho- 
trexate, and 5-fluorouracil, with a projected 80% 
survival rate at five years (83). A smaller series of 11 
men were treated with cyclophosphamide, adriamycin, 
and 5-fluorouracil, with a reported 91% overall sur- 
vival rate at 52 months (84). The results of high-dose 
chemotherapy followed by autologous bone-marrow 
or stem-cell transplant in the adjuvant or responsive- 
metastatic setting appear to be similar in both men and 
women (85). 

Recently, the short- and long-term sequelae of 
female breast cancer therapy and its effects on 
quality of life have come under increased scrutiny 
from both patient advocates and physicians. These 
sentiments, however, have not been expressed as 
vocally regarding male patients. The lack of concern 
over cosmetic effects of surgical treatment has led to 
a preponderantly aggressive surgical approach to 
male breast cancer management. The effects of hor- 
monal therapy, decreased libido, hot flushes, and 
impotence have been generally accepted by elderly 


men as preferable to orchiectomy. Data regarding 
hormone replacement therapy in this population are 
not available. 


O CONCLUSION 


Male breast cancer is an uncommon disease in which 
the management is generally similar to female 
breast cancer. Risk factors include all forms of hypotes- 
tosteronism and _ hyperestrogenism, particularly 
Klinefelter’s syndrome, testicular and liver pathology, 
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to that for females when controlled for stage. Treatment 
has followed guidelines for female breast cancer with 
the exception of the expectation of a significantly 
higher response to hormonal manipulation in male 
breast cancer. Few randomized studies exist and most 
information has been obtained from small retrospec- 
tive case series. Male patients with breast cancer should 
be encouraged to participate in clinical trials to advance 
the knowledge of this disease. 
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radiation therapy, 455 
radical orchiectomy, 454 
retroperitoneal lymph node, 454-455 
sperm aspiration (IVF and ICSI), 458-459 
testis fine needle aspiration mapping, 459 
spermatogenesis, 459-461 
surgery, 454 
testicular, treatment for, 237 
testis protection, 459 
testis-sparing surgery, 457-458 
electroejaculation, 458 
Candida albicans, 198 
Carcinoma of the penis, 490-493 
epidemiology, 490 
inguinal reconstruction following node dissection, 493 
local penile lesions, treating, 491 
conventional surgery, 491 
inguinal node metastases, issues in treating, 492-493 
laser surgery, 491 
Mohs’ micrographic surgery, 491 
radiation therapy, 492 
making the diagnosis, 490-491 
natural history, 490 
reconstruction after penectomy, 493 
Carcinoma in situ, see CIS 
CASA (computer-assisted semen analysis), 266, 272-273 
Castration, 85 
Cavernous nerve, 14 
Cell biology and genetics, 5 
Cellular proteins, 105 
Central nervous system (CNS) disorders, 175, 178 
Central precocious puberty (CPP), 174, 177-178 
Cerebellar ataxia, 149 
CF (cystic fibrosis), gene mutations, 301-302 
Chemicals, agricultural, effects of, 247 
Chemotherapy and radiotherapy, effects on testicular 
function, 146, 235-241, 455, 532-533 
chemotherapy, 235-237 
cyclophosphamide alone, 235 
hematological malignancy, treatment of, 235-237 
cisplatin-based chemotherapy, 456 
genetic damage following cytotoxic treatment, 239 
protection of testicular function during cancer 
treatment, 239-240 
hormonal manipulation, 239-240 
semen cryopreservation and assisted reproduction, 239 
stem-cell cryopreservation, 240 
radiotherapy, 237-239 
Leydig cell function, 238 
scattered irradiation, 237-238 
single-dose irradiation, 237 
testicular cancer, treatment for, 237 
Chlamydia trachomatis, 198 
Chorionic villus sampling (CVS), 305 
Chromosomal abnormalities, 304-305 


Chronic bacterial prostatitis (CBP), 510 
Chronic bronchitis, 264 
Chronic exposure to sex steroids, 178 
Chronic inflammatory process, 200 
Chronic liver disease, 529 
Chronic obstructive pulmonary disease (COPD), 226 
Chronic pelvic pain syndrome (CPPS), 511 
Chronic systemic disorders, 176 
Cigarette smoking, infertility and, 134 
Circumcision, 205-206 
Circumflex veins, 13 
Cirrhosis, 221-223 
CIS (erythroplasia of Queyrat or Bowen’s disease), 491 
Cisplatin-based chemotherapy, 237 
Citric acid, 84 
Clinical assessment of infertile male, 261-269 
algorithmic approach, 263 
antisperm antibody testing, 268 
biochemical analysis, 268 
endocrine evaluation, 267-268 
evaluation, 262-265 
patient history, 262-264 
ejaculate history, 263 
fertility history, 262 
medical history, 263 
sexual history, 262-263 
genetic evaluation, 269 
genital tract obstruction, 267 
laboratory evaluations, 265-269 
semen analysis, 265-267 
morphology, 266-267 
motility, 266 
reference values, 268 
volume and concentration, 265-266 
normal sperm morphology 
World Health Organization (WHO) morphology 
criteria for assessing, 267 
pathophysiologic consideration, 261-262 
physical examination, 264-265 
general examination, 264 
genital examination, 264-265 
seminal fructose, 268-269 
sperm function testing, 269 
Clomiphene citrate, 153, 524-525 
Clones, 60 
Closed-loop model, 39 
CNS (central nervous system) disorders, 175, 178 
Coelomic epithelium, 16 
Cognition, 95 
Cognitive function, androgen effects on, 113-122 
animal studies, 113-115 
androgen activational effects, 114-115 
endocrine disorders, 119-122, see also separate entry 
endogenous androgens, 115-116 
exogenous androgens, 116-117 
hormonal mechanisms of action, 113 
human studies, 115-117 
Collateral venous anastomoses, 184 
Color Doppler ultrasound (CDUS), 185 
Computer-assisted semen analysis (CASA), 266, 272-273 
Conception, historical perspective, 5 
Concurrent sexually transmitted disease, 205 
Condoms, 349 
Congenital abnormalities, 317-322 
Congenital adrenal hyperplasia (CAH), 119-120, 178 
Congenital bilateral absence of the vas deferens (CBAVD), 
262, 269, 301, 322 
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Congenital chloride diarrhea (CCD), 76 
Congenital or acquired gonadotropin deficiency, 177 
Congenital syndromes (non-IHH and Kallmann’s), 149 
Conscious fertility, 129 
Constitutional delay of growth and puberty (CDGP), 174 
Contraception, progress in, 349-354. 
current methods, 349 
hormonal contraception, 349-353, see also separate entry 
nonhormonal contraception, 353-354 
Coping, 414 
Copper 
deficiency consequences, 252 
Corpora cavernosa, 9-10, 11 
erectile tissues of, 9 
Corticotropin-releasing factor (CRF), 25 
Corticotropin-releasing hormone (CRH), 29 
Counseling, 414-415 
Coupling system components, 43 
Craniopharyngioma, 175 
surgical treatment of, 175 
Cremasteric artery, 16 
Cremasteric reflex, 167 
C-ros tyrosine kinase gene, 72 
Cryopreservation, 472 
Cryptorchidism, 146, 161-168, 263, 317-318 
complications of, 165 
cryptorchid testis, 164 
embryology, 161-162 
endocrine aspect, 162 
hormonal treatment, 163-164 
incidence, 161 
investigations, 162-163 
laparoscopy, 164 
surgical treatment, 164-165 
Cushing’s syndrome, 29 
Cyclic adenosine monophosphate (cAMP), 21 
Cyclophosphamide, 235 
Cyclophosphamide, doxorubicin, vincristine, 
and prednisolone (CHOP), 236 
Cyclophosphamide, vincristine, procarbazine, and 
prednisolone (COPP), 236 
Cystic fibrosis (CF), 176, 442-443 
Cystic fibrosis transmembrane conductance regulator 
(CFTR) gene, 76, 269, 442 
Cystoscopy, 379 
Cystourethroscopy, 217 
Cysts, 216 
Cytochrome P450c17, 25 
Cytology, 288 
Cytotoxic chemotherapy, 237 
Cytotoxic treatment 
genetic damage following, 239 


Danazol, 525 
DAZ gene (deleted in azoospermia), 64 
Deconvolution analysis, 37 

classes of, 37 
Deep dorsal artery, 10 
Deep penile (corpus cavernosal or profunda) artery, 10 
Deep venous drainage system, 13 
Defective sperm—ZP binding (DSZPB), 276 
Dehydroepiandrosterone (DHEA), 24, 174, 225 
Delayed puberty, 174-177 

Bardet-Bied1 syndromes, 176 

chronic systemic disorders, 176 
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[Delayed puberty] 
CNS disorders, 175 
constitutional delay of growth and puberty (CDGP), 174 
cystic fibrosis, 176 
hypogonadotropic hypogonadism, 175, 176-177 
Klinefelter’s syndrome and its variants, 176-177 
isolated gonadotropin deficiency, 176 
Laurence-Moon syndrome, 176 
Prader-Willi syndrome, 176 
treatment of, 177 
tumors, 175 
Deleted in azoospermia gene (DAZ), 302 
Delousing powder, 524 
Descendin, 161 
Deterministic interfaces, 40—41 
DFFRY (Drosophila fat facets related Y), 64 
Diabetes mellitus, 225-226, 360 
obesity and, 145 
Dibromochloropropane (DBCP), 247 
Dichlorodiphenyltrichloroethane (DDT), 107, 247 
Digital rectal examination (DRE), 504 
Digitalis, 524 
Dihydrotestosterone (DHT), 16, 26, 75, 84, 143, 351, 501, 525 
Discrete peak-detection technologies, 35, 37 
Dissection or pelvic surgery, 454-455 
Distal ductal anomalies, 327 
Distal ejaculatory duct anatomy, 214-215 
Distal male reproductive tract 
evaluation, 313 
DNA repair, 62 
Donor insemination (DI), 135, 208, 414 
Donor sperm program, 470 
Double-strand break (DSB), 62 
Down’s syndrome, 104-105, 225, 325 
Ductuli efferentes, 71 
Ductus deferens, 16, 71 
Ductus epididymidis, 71 
Dysfunctional reproduction, 149 


Ectoplasmic specialization (ES), 63 
Ejaculate history, 263 
Ejaculation, excessive, 6 
Ejaculatory duct obstruction, 213-218, 377-380 
complete, 378 
evaluation for, 378 
indications for evaluation, 377-378 
obstruction, etiologies of, 214 
partial, 378 
signs, 215-217 
symptoms, 214-215 
treatment of, 217-218, 378-380 
balloon dilatation, 379-380 
results of, 380 
transurethral resection, 378-379 
Ejaculatory ducts, 17, 316-317, 324-325 
Ejaculatory failure, 465 
Electroejaculation, 458, 467—468 
history, 467 
indications, 468 
problems, 468-469 
procedure, 468 
Elongating spermatid injection (ELSI), 440 
Embryonic reawakening theory, 501-503 


Endocrine disorders, 119-122, 224-226 
congenital adrenal hyperplasia (CAH), 119-120 
isolated hypogonadotropic hypogonadism and 

Kallmann’s syndrome, 120-121 
Klinefelter’s syndrome, 121-122 

Endocrine evaluation, 267-268 

Endocrine tests for hypogonadism, 151-156 
androgen metabolites, 151-152 
in the evaluation of ambiguous genitalia, 153-155 
follicle-stimulating hormone (FSH), 152 
hypo-osmotic swelling test, 155 
hypothalamic—pituitary gonadal axis in men, 152 
luteinizing hormone (LH), 152 
in male reproductive disorders, 151 
pituitary hormones, 152-153 
routine semen analysis, 155 
semen tests, 155 
sperm function, specialized tests of, 156 
testosterone (total and free or bioavailable), 151 

Endogenous androgens, 115-116 

End-to-end anastomosis, 402 

Environmental chemicals exposure 
aging spermatozoa and, 107-108 

farmers, 107 

phthalates, 107 

polychlorinated biphenyls (PCBs), 107 
traffic pollutants, 108 

Environmental toxins and male fertility, 245-248 

environmental and occupational chemical 
exposure, 245-247 

heavy metals, 246 

industrial chemicals, 246-247 

toxicants altering male reproduction, 246 

Epidermal growth factor (EGF), 87 

Epididymis, 15 
epididymal sperm injection, 439-440 
physiology, 71-76 

ductus epididymidis, 72-73 

epithelial function and luminal milieu, 72-73 
immunology, 75 

pathology, 75-76 

regulation of, 75 

sperm maturation, 73-74 

sperm storage, 74-75 

sperm transport, 73 

structure, 71-72 

vascular supply, 72 

Epididymitis, 318-319 

Epididymitis/orchitis, 198 

Epididymovasostomies, 73 

Epithelial function and luminal milieu, 72-73 

Erectile dysfunction, 262 

Estradiol, 25, 223 
estradiol treatment, 26 

Estrogen excess 
nontumor causes of, 522-523 

decreased testosterone and androgen resistance, 522-523 
displacement of estrogens from SHBG, 522 
increased aromatase activity, 522 
Estrogens, 25-26, 86, 174, 519-520 
estrogen receptor (ER), 72 
forms of, 25 
estrogen containing embalming cream, 524 
estrogen-secreting tumors, 521 
estrogen vaginal cream, 524 


Exocytosis, 23 

Exogenous androgens, 116-117 

Exogenous estrogens, 25 

External quality assessment (EQA) schemes, 272 


Familial testotoxicosis, 178-179 
Farmers, 107 
Fat, 95 
Fatherhood, 132-133, 408 
Feedback signal integration, 43 
Female fertility, micronutrients and, 251 
Female-to-male transsexuals (FMs), 116 
Fertility history, 262 
Fertility, see also Infertility; Male reproduction 
conscious, 129 
fertile eunuch syndrome, 148 
fertility preservation in males with cancer, 453-460, 
see also Cancer 
fertility treatment 
for couples with HIV, 207-208 
denial rights, 209 
as a symbol of masculinity, 5-6 
treatments, 6-7 
in ancient times, 6 
artificial insemination, 7 
Fetal penis and male gonads, differentiation of, 10 
Fibroblast growth factor (FGF), 87 
Fine needle aspiration (FNA), 285-288, 365, 459, 530 


FISH (fluorescence in-situ hybridization) studies, 307-308 


Flask-shaped cells, 71 

Flow cytometry acridine orange test (FCM-AOT), 278 

Fluorescence in-situ hybridization (FISH), 307-308 

Fluorochromes fluorescein isothiocyanate (FITC), 274 

Folic acid (folate), 255 

Follicle-stimulating hormone (FSH), 27-28, 57, 143, 
187, 333, 365 


differential control of, neuroendocrine mechanisms, 28 


Follistatin, 27 

Fowler-Stephens procedure, 164 
Free nerve endings (FNEs), 13 
Free-testosterone index, 94 


Gamete donor recruitment, 208 
Gametes storage 
in liquid nitrogen banks and quarantine, 208-209 
Gammaaminobutyric acid (GABA), 21 
Gene expression and spermatogenesis, 64-65 
Genetic evaluation of infertile male, 269, 301-308 
abnormal genetic testing, unknown consequences 
of, 306-307 
cystic fibrosis (CF) gene mutation, 301-302 
simple karyotyping, 302 
Y chromosome microdeletion, 302 
chromosomal abnormalities, 304-305 
concerns and future directions, 306-308 
abnormal testing, consequences of, 306-307 
ethical concerns, 307 
fluorescence in-situ hybridization (FISH) studies, 308 
offspring, genetic evaluation of, 308 
preimplantation genetic diagnosis (PGD), 307 
promising candidate genes for future testing, 307 
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[Genetic evaluation of infertile male] 
syndromes and uncommon conditions, 305-306 
Y-chromosome microdeletions, 302-304 

Genetic mutations in male-factor infertility, 441-444 

Genetic recombination, 61 

Genital end bulbs, 13 

Genital organs, internal, 17-18 
bulbourethral glands, 18 
epididymis, 17 
prostate, 17-18 
seminal vesicles, 17 
vas deferens and ejaculatory ducts, 17 

Genital tract infections and infertility, 197-202 
classification of, 197-198 

epididymitis /orchitis, 198 
prostatitis, 197-198 
urethritis, 198 
evaluation, 200-201 
history, 200 
laboratory tests, 201 
molecular techniques, 201 
physical examination, 200-201 
infertility, mechanisms of, 198-200 
leukocytospermia, 200 
treatment, 201-202 
ancillary treatment, 202 
antibiotics, 201-202 

Genital tract obstruction, 267 

Genital tubercle, 9 

Genitalia, ambiguous, endocrine tests, 153-155 

Germ cells 
germ cell transplantation, 459 
germ cell tumor, 521 
proliferation and morphogenesis of, 57 
proliferation, 184 
spermatogonia as source of, 57—60 
transcription, 105 
types, 60 

Germ-cell tumors (GCTs) 
epidemiology and risk factors for, 481 
fertility issues in, 489 
prevention and screening for, 481-482 

Germinomas, 175 

Germline stem cells, 57 

Gleason system, 509 

Glial cell line-derived neurotropic factor (GDNF), 60 

Glucocorticoid treatment, 423-425 
clinical trials, 424 
complications, 424—425 
monitoring and general management, 424 
regimen, 424 
results, 424 

Glutathione peroxidase (GPX), 73, 252 

Glycopeptide secretory adenomas, 150 

GnRH pulse generator, 26 

GnRH therapy, 340 
regimens, 340 

GnRH-LH-Te analysis, trivariate, 44—45 

Gonadal dysgenesis, 154 

Gonadal shielding, 457 

Gonadal steroid treatment, 177 

Gonadotoxins, 185, 236 

Gonadotropic hormones, 23 
deficiency, 29 

cause of, 342 
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Gonadotropin secretion 
testicular control of, 26-27 
negative feedback control of, 26 
Gonadotropin therapy, 338-340 
preparations, 338-339 
new preparations, 339 
recombinant FSH, 338-339 
recombinant hCG, 339 
regimens, 339-340 
Gonadotropin-releasing hormone (GnRH), 162, 174 
GnkH “clamp” studies, 38-39 
GnRH-LH-Te analysis, trivariate, 44-45 
GnRH-LH-Te feedback system control, paradigms, 45 
GnRH-LH-Te network feedback principles, 39-40 
gonadotrophs and GnRH receptors, 21-23 
homologous desensitization of, 22 
pulsatile I.V. infusions of rh LH during inhibition of, 39 
signaling mechanisms initiated by activation of, 22 
structural variants of, 21 
synthesis and secretion, 21 
Gonads, 10 
Gossypol, 353 
Granulocyte elastase, 200 
Granulosa cell tumor, 521 
Greco-Roman philosophy of male reproduction, 3-4 
Gynecomastia, 144, 147, 224-225, 519-526 
androgen, 520-521 
aromatase, 520-521 
breast development, 519 
hormonal regulation of, 519 
drugs, 523-524 
clomiphene, 524 
delousing powder, 524 
digitalis, 524 
estrogen vaginal cream, 524 
estrogencontaining embalming cream, 524 
ketoconazole, 524 
marijuana, 524 
spironolactone, 524 
estrogen excess, 522-523, see also separate entry 
estrogen, 519-520 
growth hormone (GH), 519-520 
insulin-like growth factor, 519-520 
male breast cancer, 524-526, see also under 
Breast cancer 
pathologic gynecomastia, 521-524 
estrogen-secreting tumors, 521 
tumors, 521-522 
physiologic gynecomastia, 521 
progesterone, 519-520 
prolactin, 519-520 


Hansen’s disease (leprosy), 223-224 
Hasselbach’s triangle, 164 

Heavy metals, 246 

Hematochromatosis, 145-146 

Hematological malignancy treatment, 235-237 
Hematoma, 389 

Hemochromatosis, 223 

Henoch-Schonlein purpura, 166 

Hereditary angioneurotic edema, 333 

Hernia repair, 264 


High-risk behavior, 205-206 
HIV and male fertility, 145-146, 205-209 
donor insemination, 208 
ethical considerations in treating one partner 
with HIV, 209 
fertility treatment for couples with HIV, 207-208 
insemination of HIV-negative women, 207-208 
gametes storage in liquid nitrogen banks and 
quarantine, 208-209 
male-to-female transmission, 207 
on male reproductive behavior, 207 
effect on male sex hormones, 207 
quarantine time for stored gametes, 208-209 
and surgery of the male genital tract, 208 
transmission 
to the child, 209 
fertility treatment, denial rights, 209 
to the partner, 205-206, 209, see also under 
Sexual transmission 
Hodgkin’s disease (HD), 235 
Homologous desensitization, 22 
Homunculi, 4-5 
Hormonal contraception, 349-353 


androgens-alone regimens, 351-352, see also separate entry 


basis of, 349-350 
efficacy of, 351 
GnRH antagonists and androgens, 353 
mechanisms of action of, 350-351 
reversibility of, 353 
spermatic suppression with androgens alone, 353 
Hormonal induction of spermatogenesis 
expected response to therapy, 340-341 
GnRH therapy, 340 
in males with HH, 337-343 
gonadotropin therapy, 338-340, see also separate entry 
spermatogenesis induction in, 337-338 
nonpredictors of response, 342 
gonadotropin or pulsatile GnRH therapy, 342 
predictors of response, 341-342 


previous gonadotropin or androgen exposure, 341-342 


testicular factors, 341 
Hormonal manipulation, 239-240 
Hormonal therapy, 532 
for cryptorchidism, 163-164 
Hormone pulse detection, 24 
Hormone regulation, 65 
Hormone therapy, 505-506 
Hormones and systemic disease, 221-226 
blood dyscrasias, 223, see also separate entry 
cirrhosis, 221-223 
diabetes mellitus, 225-226 
endocrine disorders, 224—226 
Hansen’s disease (leprosy), 223-224 
myotonic dystrophy, 224 
paraplegia, 224 
pulmonary disease, 226 
chronic obstructive pulmonary disease 
(COPD), 226 
obstructive sleep apnea, 226 
rheumatoid arthritis, 226 
renal failure, 221 
Hospital Anxiety and Depression Scale, 409 
Human chorionic gonadotropin (hCG), 23, 163, 176, 333 
Human epididymis-specific protein 6 (HE6/GPR64), 72 


Human hypothalamo-pituitary—testicular axis 
neuroendocrine control of, analysis, 35-47 
bivariate LH-Te analysis, 44 
blood-sampling protocols, frequent and extended, 35-36 
clinical research tools, 35-45 
core model structure, 40-43 
deterministic interfaces, 40—41 
elimination of LH, 42 
secretion and elimination properties, 42 
stochastic elements, 41-42 
time delays, 41 
coupling system components, 43 
deconvolution analysis, 37 
feedback signal integration, 43 
free alpha-subunit measures, 39 
GnRH clamp studies, 38-39 
irregularity (pattern-sensitive) analysis, 44 
ketoconazole-induced steroidogenic blockade, 39 
LH release in healthy young and older men, 44-45 
luteinizing hormone assays, 36-37 
monohormonal secretory disruption in the aging male, 35-40 
overview, 35 
peak—detection technologies, 37 
univariate LH analysis, 44 
unresolved neuroendocrine modeling issues, 45—46 
Human leukocyte antigen (HLA), 307 
Human menopausal gonadotropin (hMG), 163, 338 
Human reproduction, religious doctrines on, 5 
Hunter, John, 7 
Hydrocele, 321 
Hypergonadotropic hypogonadism, 176-177 
Hyperplasia, 499 
basalcell hyperplasia, 499 
Hyperthermic injury, 184 
Hyperthyroidism, 225 
Hypoglycemic stress, 29 
Hypogonadism, 143-156 
causes of, 144 
clinical manifestations of, 150-156 
clinical history and physical examination, 150-151 
endocrine tests for, 151-156, see also under Endocrine tests 
organic hypothalamic—pituitary disorders, 149-150 
nonprolactin-secreting tumors, 150 
types, 143-150 
5a-reductase deficiency, 147 
androgen end-organ failure, 146 
androgens receptor defects, 146-147 
autoimmune testicular failure, 146 
congenital syndromes (non-IHH and Kallmann’s), 149 
cryptorchidism, 146 
diabetes mellitus and obesity, 145 
HIV disease, 145-146 
hypogonadotropic hypogonadism (HH), 147-149 
hypothalamic—pituitary disorders, 144 
Kallmann’s syndrome and idiopathic HH, 148-149 
mumps orchitis, leprosy, hematochromatosis, 145-146 
myotonic dystrophy, 145 
Prader-Willi syndrome (PWS), 149 
primary gonadal failure, 143-147 
Klinefelter’s syndrome, 143-145 
testicular disorders, 144 
testicular irradiation, chemotherapy, 146 
toxins, 146 
XX males, 145 
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[Hypogonadism 
types] 
XX/XO individuals, 145 
XYY syndrome, 145 
Hypogonadotropic hypogonadism (HH), 29, 143, 147-149, 175 
hormonal induction of spermatogenesis in males with, 337-343, 
see also under Hormonal induction of spermatogenesis 
Hypo-osmotic swelling test, 155 
Hypospadias, 146 
Hypospermatogenesis, 289-290 
Hypothalamic GnRH clamp, 35 
Hypothalamic-—pituitary disorders, 144,153 
Hypoxia, 185 


Identity theory, 132-133 
Idiopathic infertility, 262 
Imaging technology role 
in infertility management, 326-327 
congenital abnormalities, 326-327 
distal ductal anomalies, 327 
Imipramine 25, 361 
Immobilization of sperm, 435 
Immunity, 199-200 
Immunobead test (IBT), 293, 295-296, 420 
basic principles, 293-294. 
direct immunobead test, 296 
application, 296 
negative control, 296 
positive control, 296 
procedure, 296 
immunobeads directed against whole human Ig 
(IBT-GAM), 297 
indirect immunobead test, 297 
application, 297 
negative control, 297 
positive control, 297 
procedure, 297 
serum or follicular fluid, 297 
laboratory procedures for performing, 295-299 
reagents, 295-296 
bovine serum albumin (BSA), 295 
bromelain, 296 
buffer, 295 
tyrode solution containing 0.3% bovine serum albumin 
(TBSA), 295 
Immunofluorometric assays (IFMA), 151 
Immunoglobulin M (IgM), 199 
Immunological evaluation of male infertility, 293-299, 
see also Immunobead test 
cervical mucus (CM) penetration, 294-295 
interpretation of results, 298-299 
normal group studies, 294 
quality control procedures, 297-298 
cross referencing, 298 
crossed inhibition test, 298 
positive and negative controls, 297-298 
sample preparation, 297 
cervical mucus, 297 
seminal plasma, 297 
specificity and reproducibility, 294 
treatment, 299 
in vitro fertilization, 295 
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Immunological factors in infertility management, 419-426 
autoantibodies on sperm, 421-422 
clinical features, 422 
diagnosis, 422 
complications, 423 
definition, 419-420 
differential diagnosis, 422-423 
glucocorticoid treatment, 423-425, see also separate entry 
intracytoplasmic sperm injection (ICSI), 423 
mechanism of, 421 
methods, 423 
pathophysiology, 421-422 
sperm autoantigens, 421 
prognosis for natural fertility and standard IVF, 422 
results, 423 
treatment, 423 
Impotence, 407-408 
Impotence, 6, 198, 199, 201-202, 213-218, 262, 301-308, 411-415 
In situ hybridization techniques, 29 
In vitro fertilization (IVF), 457, 460 
HIV-positive couple and, 208 
Incision technique, 366 
Industrial chemicals, 246-247 
Infantilism, 175 
Infertility /infertile male 
antibiotic treatment for, 201-202 
bacterial effects in, 198-199 
causes of, 262 
clinical assessment of, 261-269 
dealing with, 415 
ejaculatory duct obstruction in, 213-218, see also Ejaculatory 
duct obstruction 
factors affecting responses to, 411-414 
demographic factors, 411-412 
diagnosis and location of cause, 412 
individual differences, 412-414 
cognitive appraisal, 412-413 
coping strategies, 413-414 
perceived control, 413 
genetic evaluation of, 301-308, see also Genetic evaluation 
impact of, 409-410, see also Psychological effects 
male patient with infertility, evaluation, 262-265, 
see also Clinical assessment 
management 
immunological factors in, 419-426, see also 
Immunological factors 
mechanisms of, 198-200 
bacterial effects, 198-199 
immunity, 199-200 
reactions to, 415 
reproductive tract imaging in, 313-327, see also Reproductive 
tract imaging 
surgical treatment of, 365-382, see also Surgical treatment 
Inguinal approach, 161, 381 
Inhibin, 27-28 
Innervation, 12, 13-14, 81-82 
Insulin growth factor, 96 
Insulin-like growth factor (IGF)-1, 86-87, 519-520 
Internal quality control (IQC), 272 
International prostate symptom score (IPSS), 504 
Interposing fascia, 388 
Intracytoplasmic sperm injection (ICSI), 74, 189, 209, 239, 267, 274, 
285, 293, 301, 365, 374, 419, 434-439, 457, 469, 471, 482 
of immature sperm cells, 439-441 
epididymal sperm injection, 439-440 


[Intracytoplasmic sperm injection (ICSI) 

of immature sperm cells] 

round spermatid injection and elongating spermatid 
injection, 440-441 
testicular sperm injection, 440 

indications, 471 

in vitro fertilization (IVF) and, 436 

outcome of, 437-438, 471-473 

training for, 443 
Intraluminal occlusion, 388 
Intrapsychic experiences, 129 
Intratubular germ-cell neoplasia, significance of, 483 
Intrauterine insemination, 470 
In-vitro fertilization (IVF), 133 
Ipsilateral abnormalities, 264 
Ipsilateral cremasteric reflex, 167 
Irradiation of the testes, 146 
Irregularity (pattern-sensitive) analysis, 44 
Ischemia, 318 
Isolated gonadotropin deficiency, 176 
Isolated hypogonadotropic hypogonadism (IHH), 120-121 
Isolated inflammation of the testis, 319 
Ivanissevich procedure, 188 


Kallmann’s syndrome, 29, 38, 120-121, 149, 176, 264, 304, 523 


Kartagener’s syndrome, 306 
Karyotype analysis, 304 
Kearns-Sayre syndrome, 225 
Kennedy syndrome, 523 
Kennedy’s disease, 306 
Ketoconazole (KTCZ), 39 
Ketoconazole, 524 
ketoconazole-induced steroidogenic blockade 
to achieve short-term androgen deprivation, 39 
Kinematics, 273 
Klinefelter’s syndrome (KS), 143-145, 264, 305, 522, 529 
diagnosis of, 144 
phenotypic manifestations of, 144 
and its variants, 176-177 
Kruger criteria, 266 


Lactate dehydrogenase elevation, 482 

Landing zones, 487 

Laparoscopic technique, 188 

Laser zona cutting, 433 

Laurence-Moon syndrome, 149, 176 

Leakproof anastomosis, 393 

Leprosy, 145-146 

Leptin, 95, 226 

Leptotene stage, 61 

Leukocytosis, 167 

Leukocytospermia, 200 

Leydig cell dysfunction, 144-146, 178-179, 238, 522 
clinical impact of, 238-239 
maturation arrest with, 290 


secondary Leydig cell dysfunction, congenital causes of, 149 


LH-Te analysis, bivariate, 44 
Lidocaine, 286 

Liver disease, chronic, 529 
Location of cause, 414 
Longstanding hypothyroidism, 178 


Long-term follow-up evaluation and results, 403 
Lonidamine, 353 
Lower urinary tract symptoms (LUTS), 499 
Lub’s syndrome, 306 
Lumbar sympathectomy, 360 
Lumbosacral spinal cord, 13 
Luminal fluids from domestic animals 
electrophoresis of, 73 
Luteinizing hormone (LH), 36-37 
differential control of, neuroendocrine mechanisms, 28 
LH-release patterns, entropy of, 37-38 
testosterone synthesis control by, 24-25 
Luteinizing hormone-releasing hormone (LHRH), 162 
Lymphatic drainage, 13 
of prostate, 82-83 


Magnetic resonance imaging (MRI), 314 
Male factor infertility, 441-444 
Male fertility 
micronutrients and, 251-255, see also under Micronutrients 
Male genital tract, surgery of, 208 
Male pseudohermaphroditism diagnosis 
laboratory tests for, 154 
Male puberty, see Puberty 
Male reproduction, 3-7, see also Fertility 
historical perspectives, 3-5 
cell biology and genetics, 5 
Greco-Roman philosophy, 3-4 
one-seed theory of conception, 3 
preformation, 4-5 
two-seed theory of human reproduction, 4 
Western concepts, 3 
historical milestones toward understanding of, 4 
social and psychological influences on, 129-137, 
see also under Social and psychological influences 
Male reproductive tract, anatomy, 9-18 
external genital organs, 9-17 
internal genital organs, 17-18, see also under 
Genital organs 
normal penile and testicular size in adult males, 16-17 
penis, 9, see also separate entry 
testes, 14-16 
Male reproductive tract, anatomic imaging of 
normal, 315-317 
Male varicoceles, 183-191, see also Varicoceles 
ejaculatory ducts, 316-317 
seminal vesicles, 315-316 
testis, 315 
vas deferens, 315 
Male-factor fertility problem (MMF), 414 
Maleto-female transsexuals (MFs), 116 
Malpighi, Marcello, 4 
Marijuana smoking, infertility and, 134, 524 
Masculinity, 132-133, 407-408 
Maturation arrest, 290 
McCune-Albright syndrome, 178,179 
Meares-Stamey four-glass test, 511-512 
Measurement uncertainty (MU), 272 
Medical history, 263 
Meiosis, 61 
Meissner’s corpuscles, 13 
Meningomyelocele, 162 
Methyltestosterone, 335 
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Micromanipulation 
in assisted reproduction, 432-441 
zona drilling, 432-433 
zona pellucida dissection, 432-433 
genetic mutations in male-factor infertility, 441-444 
cystic fibrosis, 442-443 
Y chromosome microdeletions, 442 
history of, 431-432 
intracytoplasmic sperm injection (ICSI), 434-439 
immobilization of sperm, 435 
membrane breakage, 434-435 
ooplasm, aspiration of, 435 
technique, 436 
laser zona cutting, 433 
of male gametes in the treatment of the subfertile 
male, 431-444 
partial zona dissection (PZD), 433 
subzonal injection of sperm, 432-434 
Micronutrients and male fertility, 251-255 
animal fertility and, 251 
definition, 251 
female fertility and, 251 
male fertility and, 251-255 
antioxidants, 251-252 
reproduction in farm animals, importance, 252 
trace elements, 252-254 
selenium, 252-254 
vitamins, 254-255 
deficiency consequences 
copper, 252 
folic acid (folate), 255 
selenium, 252 
vitamin A, 252, 254-255 
vitamin C, 255 
vitamin D, 255 
vitamin E, 252, 255 
zinc, 252 
Microsurgical epididymal sperm aspiration (MESA), 
136, 374, 439, 469 
Microsurgical multilayer microdot method, 394-396 
Microsurgical vasoepididymostomy, 372-373, 402 
end-end approach, 372 
end-side approach, 372-373 
technique, 372 
Mitogen-activated protein (MAP), 22 
Mitosis, 60 
Mixed agglutination reaction (MAR)-test, 268 
Mixed antiglobulin reaction (MAR), 422 
Mohs’ micrographic surgery, 491 
Molecular techniques, 201 


Mosaic forms, 145 

Motherhood, 408 

Mucosa-to-mucosa approximation, 393 
Mullerian ducts, 14, 216, 325 

Multiple lentigines, 149 

Mumps orchitis, 145-146 

Myotonic dystrophy, 145, 224 


Nausea, 167 
Necrozoospermia, 107 
Neisseria gonorrhea, 198 
Neonatal torsion, 166 
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Monohormonal secretory disruption in the aging male, 35-40 
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Neoplasm, 319-320 Orchitis, 318-319, 420 
Neoplastic and nonneoplastic lesions, 149 Orexins, 29 
Nervi erigentes, 13 Organic hypothalamic—pituitary disorders, 149-150 
Nervous regulation, 87-88 Organic solvents, 247 
Neuroendocrine control, 21-30 Organizational effects of androgens, 113-114 
estrogens in males, 25-26 Outer dense fibers (ODFs), 63 
follicle-stimulating hormone (FSH) and inhibin, 27-28 Oxidative stress, 106 
FSH and luteinizing hormone (LH), neuroendocrine Oxytocin, 87, 503 


mechanisms for the 
differential control of, 28 
GnRH, synthesis and secretion, 21, see also 


Gonadotropin-releasing hormone Palomo varicocelectomy, 369 
gonadotropic hormones, 23 Palpation, 167 
of human hypothalamo-pituitary—testicular axis, 35-47, Pampiniform plexus, 16 
see also Human hypothalamo-pituitary-testicular axis Paraplegia, 224 
luteinizing hormone control of testosterone synthesis, 24-25 Parasympathetic fibers, 82 
pulsatile gonadotropin secretion, 23-24 Parasympathetic nerve fibers, 14 
testicular control of gonadotropin secretion, 26-27 Partial zona dissection (PZD), 433 
Neuroendocrine modeling Paternal age effect, 104 
issues, unresolved, 45—46 Peak-detection technique, 37 
of male reproductive axis, primary goals of, 40 Peliosis hepatis, 335 
Neurologically disabling diseases Penile vibratory stimulation, 467 
reproductive dysfunction treatment in, 465-473, see also history, 467 
Reproductive dysfunction treatment procedure, 467 
Neuropeptide Y (NPY), 29 indications, 467 
Nodal metastases, 492 problems, 467 
Non/abacterial prostatitis (NBP), 510 Penis, 9-14 
Non-IHH syndrome, 149 fetal penis and male gonads, differentiation of, 10 
Nongerm cell tumors, 319 innervation, 13-14 
Nonhormonal contraception, 353-354 lymphatic drainage, 13 
Nonobstructive azoospermia (NOA), 365, 376-377 penile erection, functional components of, 9 
microsurgical testicular sperm extraction (TESE), 376 penile urethra, 9 
Nonprolactin-secreting tumors, 150 structure, 9-10 
Nonseminoma germ-cell tumor (NSGCT), 481 vasculature, 10-13 
Noonan’s syndrome, 306 Percutaneous epididymal sperm aspiration 
Normal spermatogenesis, 57—65 (PESA), 374-375, 439 
overview, 57 Percutaneous needle biopsy, 287 
No-scalpel vasectomy technique, 349, 385-387 Percutaneous testicular biopsy, 285, 375 
No-touch technique, 288 Perineum, 12 
Nutcracker phenomenon, 184 Peripheral precocious puberty (PPP), 178 


treatment, 179 
Peritubular fibrosis, 290-291 
Perivitelline space (PVS), 432 


O’Connor, DB, 121 Peutz—Jegher syndrome, 522 
Obstruction, etiologies of, 214 Phorbol myristate acetate (PMA), 277 
Obstructive azoospermia, 75, 373, 374-376 Phosphorylcholine, 84-85 
microsurgical epididymal sperm aspiration, 374 Phthalates, 107, 247 
Obstructive sleep apnea, 226 Pituitary adenylate cyclase-activating polypeptide (PACAP), 25 
Occlusion techniques, 388 Pituitary tumors/prolactinomas, 149-150 
Occult torsion, 318 Plasma testosterone, 177, 224 
Oligozoospermia, 155 Pneumoperitoneum, 188 
One-seed theory of conception, 3 POEMS syndrome, 224 
Oocyte fertilization, assisting, 470-473 Poisson renewal process, 42 
intracytoplasmic sperm injection, 471 Polyamines, 84 
intrauterine insemination, 470 Polychlorinated biphenyls (PCBs), 107 
indications, 470 Polymerase chain reaction (PCR), 442 
outcomes, 470 Polymorphonuclear (PMN) leukocytes, 199 
in vitro fertilization, 470 Polyvinylpyrrolidone (PVP), 436 
Ooplasm aspiration, 435 Poor sperm quality, 465-466 
Orchiopexy, 165, 380-381 Postcoital tests (PCT), 298, 420 
inguinal approach, 381 Postganglionic nerve fiber, 14 
retractile testes, 381 Postpubescent mumps, 264 
undescended testes, 381 Prader-Willi syndrome (PWS), 149, 176, 306 


scrotal approach, 381 Precocious puberty, 177-179 


[Precocious puberty] 
central precocious puberty, 177-178 
chronic exposure to sex steroids, 178 
central nervous system (CNS) disorders, 178 
CNS tumors, 178 
idiopathic, 178 
peripheral, 178 
peripheral precocious puberty (PPP), 178 
virilizing adrenal tumors, 178-179 
Pregnancy, 341 
Pregnenolone, 24 
Preimplantation genetic diagnosis (PGD), 307 
Preleptotene stage, 61 
Prentice maneuver, 164 
Presacral nerve damage, 360 
Presumed obstruction, 366-367 
Primary ciliary dyskinesia, 306 
Primary gonadal failure, 143-147 
Primary testicular failure, 177 
Proacrosomic vesicles, 62-63 
Processus vaginalis, 16 
Procreation and infertility through the ages 
evolving concepts, 3-7 
Progesterone, 25, 519-520 
Progestin cyproterone acetate (CPA), 353 
Progestins, 352-353 
androgen and progestin combinations, 352-353 
Prolactin, 503, 519-520 
Prolactinomas, 149-150 
Prostate, 15, 17-18 
anatomy of, 81-84 
blood supply and lymphatic drainage, 82-83 
coronal section, 82 
development, 84 
innervation, 81-82 
lobes in, 81 
microscopic anatomy, 83-84 
physiology of, 81-88 
primary role of, 84 
prostate secretions, 84-85 
citric acid, 84 
phosphorylcholine, 84-85 
polyamines, 84 
spermine, 84 
zinc, 84 
prostatic acinus, histological structure, 83 
prostatic growth and regulation, 85-88 
androgens, 85-86 
epidermal growth factor (EGF), 87 
estrogens, 86 
fibroblast growth factor (FGF), 87 
growth factors, 87 
insulin-like growth factors, 87 
nervous regulation, 87-88 
transforming growth factor B (TGF), 87 
prostatic secretory proteins, 85 
prostate-specific antigen (PSA), 85 
Prostatic Acid Phosphatase (PAP), 85 
sagittal view, 82 
Prostate cancer, 506-510 
clinical management of, 509-510 
clinical manifestation of, 508 
detection of, 508 
etiology of, 506-507 
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incidence of, 506 

natural history of, 507-508 
pathology of, 508 
progression of, 507 

staging and grading, 508-509 


Prostate diseases, 499-513 


benign prostatic hyperplasia (BPH), 499-506, 
see also separate entry 

prostate cancer, 506-510, see also separate entry 

prostatitis, 510-512, see also separate entry 


Prostate expression database (PEDB), 513 
Prostate-specific antigen (PSA), 83, 85, 96 
Prostatic acid phosphatase (PAP), 83, 85 
Prostatic and periurethral cysts, 325-326 
Prostatic intraepithelial neoplasia (PIN), 507 
Prostatitis, 197-198, 510-512 


bacterial types of, 197 

classification and etiology of, 510-511 
clinical management of, 512 
diagnosis of, 511-512 

as a risk factor, 510 

symptoms of, 510 


Protection of testicular function during cancer 


treatment, 239-240 


Psychological effects of infertility and its treatment, 407-415 


appraisal, 414 
consultation—investigation and treatment, 415 
coping, 414 
counseling, 414-415 
donor insemination, 414 
investigation and treatment, 410-411 
location of cause, 414 
motherhood and fatherhood, 408 
psychological sequelae of infertility, 408-410 
men and women, comparison of, 409 
sexual functioning and marital relationship, 409-410, 
see also separate entry 
studies of men, 409 
reactions to, 415 
social perspectives, 407—408 
reproduction, importance of, 407 


Psychosocial influences 


on infertility, 133-135 


Puberty 


definition of, 173 
disorders of, 173-180 
delayed puberty, 174-177, see also separate entry 
precocious puberty, 177-179, see also separate entry 
hormonal changes, 174 
adrenal androgens, 174 
estrogens, 174 
gonadotropins, 174 
growth hormone, 174 
testosterone, 174 
normal puberty, physiology of, 173-174 
physical changes, 173-174 
bone age and body composition, 173-174 
pubertal growth spurt, 173 
secondary sexual characteristics, 173 
pubertal torsion, 166-167 


Pudendal nerve fibers, 13 
Pulmonary disease, 226 
Pulsatile gonadotropin secretion, 23-24 
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Pulsatile I.V. infusions 
of rh LH during inhibition of GnRH action, 39 


Quarantine time for stored 
gametes in relation to the seroconversion period of HIV, 208-209 
for protection against problems with virus detection, 209 
Quick-prep cytologic evaluation 
for men with presumed obstruction, 366-367 
touch prep, 366-367 
wet prep, 367 


Radiation therapy 
for cancer, 455 
chemotherapeutic agents, 247 
Radical orchiectomy, 454, 482-483 
Radical prostatectomy, 509 
Radiographic evaluation of male infertility, 314-315 
Radioimmunoassays (RIA), 151 
Radiologic detection of male reproductive pathology, 317-326 
distal ducts, pathology, 322-326 
ejaculatory ducts, 324-325 
prostatic and periurethral cysts, 325-326 
seminal vesicles, 323-324 
vas deferens, 322-323 
scrotal abnormalities, 317-322, see also separate entry 
Radiotherapy, on testicular function, 237-239, see also 
Chemotherapy 
Rathke’s pouch, 175 
Raynaud’s phenomena, 489 
RBMY (RNA binding motif on the Y), 64 
Recanalization, 387 
5-a-Reductase, 503 
5a-reductase deficiency, 147 
Refeeding gynecomastia, 523 
Reifenstein’s syndrome, 146-147, 306, 523 
Religious doctrines on human reproduction, 5 
The Bible, 5 
Qur’an, 5 
Religious ideologies, 130 
Renal failure, 221 
Reproductive dysfunction treatment 
in males with spinal cord injury and other neurologically 
disabling diseases, 465-473 
assisted reproductive techniques (ART), 466 
penile vibratory stimulation, 467, see also separate entry 
ejaculatory failure, 465 
electroejaculation, 467—468, see also separate entry 
oocyte fertilization, assisting, 470-473 
poor sperm quality, 465-466 
treatment, 466-473 
Reproductive tract imaging, in male infertility, 313-327 
embryologic considerations, 315 
anatomic imaging of normal male reproductive tract, 
315-317, see also separate entry 
imaging recommendations, 314 
imaging technology role in, 326-327, see also under 
Imaging technology 
radiographic evaluation, 314-315, see also under Radiology 
imaging modalities, overview of, 314-315 
magnetic resonance imaging, 314 
scrotal ultrasound, 314 
transrectal ultrasound, 314 
ultrasound, 314 


Residual cytoplasmic bodies, 63 
Rete testis, 71 
Retractile testes, 381 
Retrograde ejaculation (RE), 265, 359-362 
anatomy and physiology, 359 
diagnosis, 360-361 
etiology, 359-360 
anatomical, 360 
idiopathic, 360 
mechanical obstruction, 360 
neuropathies, 360 
peripheral sympatholytics, 360 
pregnancies, achieving in, 362 
sperm recovery and use in assisted reproduction, 361-362 
treatment, 360-361 
Retroperitoneal approach, varicocelectomy, 188 
Retroperitoneal lymph node dissection (RPLND), 359, 
454—455, 482 
Rheumatoid arthritis, 226 
Ringer’s lactate, 367 
RNA-binding motif (RBMY) gene family, 303 
Robertsonian translocations, 305 
Rosetting assay, 293 
Rosewater’s syndrome, 306 
Round spermatid injection (ROSI), 440 
Routine semen analysis, 155 
Rud, 149 


17-Alkylated androgens, 335 
7-a-Methyl-19-nortestosterone (MENT), 351 
Sacral parasympathetic neurons, 14 
Sagittal section, 15 
Scattered irradiation, 237-238 
Scrotal abnormalities, 317-322, 381 
congenital abnormalities, 317-322 
acquired abnormalities, 318 
ischemia, 318 
torsion, 318 
cryptorchidism, 317-318 
epididymitis and orchitis, 318-319 
hydrocele, 321 
neoplasm, 319-320 
spermatocele, 321-322 
testicular atrophy, 321 
testicular microlithiasis, 318 
trauma, 322 
varicocele, 320-321 
scrotal ultrasound, 314 
scrotal wall thickening, 319 
Scrotum, 16 
Seatbelt, of B-subunit, 23 
Secondary hypogonadism, 523 
Secondary Leydig cell dysfunction, 333 
Selective androgen-receptor modulators (SARMs), 352 
Selenium, 252-254 
deficiency consequences, 252 
intracellular selenium, role of, 253 
Semen 
characteristics 
with age, changes in, 101-102 
fertility, 102 
semen volume, 101 
sperm morphology, 102 
sperm motility, 101-102 
spermatozoa, concentration of, 101 


[Semen] 
negative view of, 6 
parameters and testicle growth, 189 
as responsible for regeneration of life, 6 
semen abnormalities 
pathological and extraneous causes of, 279 
semen analysis, 265-267, 271-281, see also under 
Clinical assessment 
acridine orange (AO) fluorescence test, 278 
CASA for routine semen analysis, 273 
computer-assisted semen analysis (CASA), 272-273 
DNA test, 278 
interpretation of, 278 
kinematics, 273 
measurement uncertainty and QC, 271-272 
modern semen analysis, scope of, 271 
morphometry, 273 
postoperative, 388 
sperm chromatin test, 278 
sperm function tests, 273-278, see also separate entry 
standard semen analysis, 271-272 
WHO laboratory manual, 271 
semen cervical mucus contact test (GCMCT), 293 
semen cryopreservation and assisted reproduction, 239 
tests, 155 
laboratory tests, 155 
basic, 155 
specialized, 155 
Semen analysis, 265-267, 271-281 
Seminal fructose, 268-269 
Seminal vesicles, 17, 315-316, 323-325 
Seminiferous epithelium, 58-60 
Seminomas, 319 
Senescence accelerated mouse (SAM), 102 
Sequence-tagged sites (STSs), 304, 442 
Sertoli cell tumor, 521 
Sertoli cells function of, 57 
Sertoli-cell-only syndrome (SCO), 290, 303, 442 
Sex hormone binding globulin (SHBG), 29, 93, 143, 221 
Sex steroids, 178 
Sexual abstinence, 6 
Sexual dimorphisms, 113 
Sexual functioning and marital relationship, 409-410 
change over time, 410 
continuing subfertility, 410 
pregnancy as an outcome, 410 
Sexual history, 262-263 
Sexual infantilism, 175 
Sexual transmission 
male-to-female transmission, 205 
prevention, 205 
risk factors for, 205-206 
circumcision, 205-206 
concurrent sexually transmitted disease, 205 
high-risk behavior, 206 
vertical transmission, 206-207, see also separate entry 
Sexually transmitted disease (STD), 200, 205 
Shelton, AL, 116 
Sickle cell anemia, 223 
Silicon testicular prostheses, 482 
Single-dose irradiation, 237 
Sleep apnea, 226 
Sleep-entrained pulses, 148 
Smads, intracellular proteins, 27 
Smoking, infertility and, 134 
Social and psychological influences, 129-137 
conscious fertility, 129 
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[Social and psychological influences] 
fertility and infertility 
identity theory, fatherhood, and masculinity, 132-133 
social demographic profile of, 130-131 
social—psychological context of, 131-133 
framing the context for future research, 135-137 
family structure changes impact, evaluating, 135-136 
infertility, psychosocial influences, 133-134 
cigarette, alcohol, substance abuse behaviors and 
male infertility, 134 
psychosocial impact of infertility treatment, 134-135 
social class and male infertility, 133-134 
intrapsychic experiences, 129 
Sperm autoimmunity, 419 
types of, 420-421 
associated with 
genital tract obstruction, 420 
orchitis, 420 
sperm antibodies, associations of, 420-421 
spontaneous sperm autoimmunity, 420 
Sperm cervical mucus contact test (GCMCT), 420 
Sperm cryopreservation, 457 
Sperm function testing, 269, 273-278 
specialized tests of, 156 
sperm—oocyte interaction, 273-276 
alternative tests, 274-275 
human oocytes, sources of, 274 
human sperm-oocyte interaction, sperm physiology 
and pathology, 276-277 
sperm and oocyte characteristics related to sperm—oocyte 
interaction, 275-276 
sperm—oolemma binding ratio test, 274 
sperm-—zona pellucida (ZP), binding tests, 274 
sperm-—zona pellucida (ZP), penetration test, 274 
ZPIAR test, 274 
value of, assessment, 278-280 
interpretation of, 278 
sperm tests with standard IVF, relationships of, 278-279 
Sperm genome, effects of age on, 104-106 
epidemiological considerations, 104 
Sperm granuloma, 389 
Sperm immobilization test (SIT), 419 
Sperm 
maturation, 73-74 
storage, 74-75 
transport, 73 
Sperm morphology, 266-267 
WHO criteria, 267 
Sperm recovery and use in assisted reproduction, 361-362 
Sperm retrieval for assisted reproduction, 373-377, 469-470 
advantages and disadvantages, 469-470 
donor sperm program, 470 
heterogeneity of sperm production, 373-374 
intracytoplasmic sperm injection, 374 
obstructive azoospermia, 373 
techniques for, 374-377 
nonobstructive azoospermia, 376-377 
obstructive azoospermia, 374-376 
percutaneous epididymal sperm aspiration, 374-375 
percutaneous testicular biopsy, 375 
percutaneous testicular sperm aspiration, 375 
testicular fine needle aspiration technique, 375 
testicular sperm extraction, 375-376 
Sperm tests with natural conception rates 
relationships of, 280 
regression modeling, 280 
Sperm, 469 
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Spermatic cord, 16 
Spermatic suppression with androgens alone, 353 
Spermatocele, 321-322 
Spermatogenesis 
cell death during, 60 
DNA repair, 62 
effect on, 455 
gene expression and, 64-65 
hormone regulation, 65 
induction of, 340-341 
pregnancy, 341 
testicular growth, 341 
leptotene stage, 61 
normal, see Normal spermatogenesis 
pachytene stage, 61 
preleptotene stage, 61 
regulation of, 57 
restoring, 460 
spermatids, 62-64 
structural changes to, 62 
spermatogonia 
major functions of, 58 
source of new germ cells, 57-60 
type A dark (Ad) spermatogonia, 58 
type A pale (Ap) cells, 58 
type B spermatogonia, 58 
spermiogenesis forms spermatozoa, 62-64 
Spermine, 84 
Sperm-oocyte interaction, 273-276 
biochemical pathways involved in, 277 
clinical application of, 277-278 
defects of, 276-277 
sperm physiology and pathology, 276-277 
Spinal and bulbar muscular atrophy, 306 
Spinal cord injury (SCI) 
reproductive dysfunction treatment in, 465-473, 
see also Reproductive dysfunction treatment 
Spironolactone, 524 
Starvation, 149 
Stem-cell cryopreservation, 240 
Stem-cell factor (SCF), 60 
Stem-cell theory and apoptosis, 501-502 
Stepfather—stepchild interactions, 136 
Steroidogenic acute regulatory (StAR) protein, 25 
Stochastic elements, 41-42 
Strenuous exercise, 149 
Subinguinal varicocelectomy 
drawbacks, 188 
Substance abuse behaviors, infertility and, 134 
Subzonal injection of sperm, 432-434 
Surface immuno globulin A (sIgA), 199 
Surgical treatment of infertility, 365-382 
for cryptorchidism, 164-165 
ejaculatory duct obstruction, 377-380, see also separate entry 
orchiopexy, 380-381, see also separate entry 
“quick-prep” cytologic evaluations, 366-367, see also separate entry 
sperm retrieval for assisted reproduction, 373-377, 
see also separate entry 
testicular biopsy technique, 366 
testis biopsy, 365-367 
incision technique, 366 
window technique, 366 
treatment choice: costeffectiveness considerations, 381-382 
varicocelectomy, 368-370, see also separate entry 
vasectomy reversal, 370-373, see also separate entry 


[Surgical treatment of infertility] 
vasography, 367-368 
Systemic disease, 144, 176, 221-226 


T replacement in older hypogonadal men, 118-119 
Tamoxifen, 525, 532 
Teratozoospermia, 107 
Terminal transferase duTP nick end labeling (TUNEL) assay, 278 
Testes, 14-16, 315 
Testicular and penile cancer, 481-493 
carcinoma of the penis, 490-493, see also separate entry 
historic developments, 484 
intratubular germ-cell neoplasia, significance of, 483 
pathologic classification, 483 
radical orchiectomy and further staging, 482-483 
risk assessment of, 488 
stage I nonseminoma germ-cell tumor (NSGCT), 
treatment of, 486-488 
stage I, seminoma treatment of, 483 
stage IIC (bulky) and stage III seminoma, treatment of, 483-486 
stage II-III NSGCT, treatment of, 488-489 
testicular cancer, 481—490 
testis cancer, long-term side effects of treatment for, 489 
tumor, node, metastases, and serum marker staging for, 485 
work-up of a solid testicular mass, 482 
Testicular appendages, torsion of, 168 
prognosis, 168 
treatment, 168 
Testicular artery, 16 
Testicular atrophy, 221, 321 
Testicular biopsy of the infertile male, 285-291, 366 
basement membrane hyalinization, tubular sclerosis, 
and peritubular fibrosis, 290-291 
cytology, 288, 291 
fine needle aspiration, 287-288 
histopathology, 289-291 
hypospermatogenesis, 289-290 
maturation arrest, 290 
normal, 289 
Sertoli-cell-only syndrome (germ-cell aplasia), 290 
indications, 285-286 
azoospermia, 285-286 
percutaneous needle biopsy, 287 
technique, 286-289 
unilateral biopsy, 266 
window technique, 286-287 
tissue handling, 288-289 
complications, 289 
Testicular cancer, 165 
treatment for, 237 
See also Camera and cancer treatment 
Testicular control 
of gonadotropin secretion, 26-27 
Testicular disorders, 144 
Testicular dysfunction, 155 
Testicular factors, 341 
Testicular feminization, 146 
Testicular fine needle aspiration technique, 375 
Testicular function 
chemotherapy and radiotherapy on, 235-241, see also 
Chemotherapy and radiotherapy 
internal and external environment and neuroendocrine 
control of, 28-30 


[Testicular function] 
neuroendocrine control of, 21-30, see also under 
Neuroendocrine control 
Testicular germ-cell cancers 
risk assessment for, 486 
staging system for, 486 
Testicular growth, 341 
Testicular irradiation, 146 
Testicular ischemia, 318 
Testicular microlithiasis, 318 
Testicular sperm aspiration (TESA), 133, 285, 287, 304, 
326, 365, 375-376, 469 
Testicular sperm extraction (TESE), 133-134, 285-288, 291, 304, 
327, 375-377, 440, 443, 469 
Testicular sperm injection, 440 
Testicular torsion, 165-168 
bilateral testicular torsion, 166 
extravaginal torsion, 165 
incidence, 166 
intravaginal torsion, 165 
neonatal torsion, 166 
prognosis, 167-168 
pubertal torsion, 166-167 
Testis, 315 
biopsy, 365-367 
testis-sparing surgery for cancer, 457—458 
transposition of, 397 
Testolactone, 526 
Testosterone and aging, 93-96 
in older males, effects of, 94-96 
atherosclerosis, 95-96 
bone mineral density, 94 
cognition, 95 
fat, 95 
function, 94-95 
leptin, 95 
muscle, 94 
replacement, 93 
screening for ADAM, 96 
side effects of testosterone replacement in 
older males, 96 
testosterone replacement, 96 
Testosterone enanthate (TE) injections, 351 
Testosterone, 27, 151, 174, 333 
synthesis, LH control of, 24-25 
Testotoxicosis, 179 
Thalassemia, 223 
Three-finger technique, 386 
Thyroid hormone (TH), 523 
Thyroid-stimulating hormone (TSH), 23, 83 
Thyrotoxicosis, 523 
Thyrotropin releasing hormone (TRH), 150 
Time delays, 41 
Time to pregnancy (TTP), 102 
Tissue handling, 288-289 
Tobacco smoking, infertility and, 134 
Torsed testicle 
treatment of, 167 
Torsion, 318 
of testicular appendages, 168 
Toxicants 
altering male reproduction, 246 
agricultural chemicals, 246-247 
antineoplastic agents, 246 
heavy metals, 246 
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[Toxicants 
altering male reproduction] 
industrial chemicals, 246-247 
metals, 246 
organic solvents, 247 
phthalate esters, 247 
Toxins, 144, 146 
Trace elements, 252-254, see also Micronutrients 
Traffic pollutants, 108 
Transabdominal descent, 161 
Transforming growth factor B (TGFB), 87, 501 
Transrectal ultrasound (TRUS), 213, 216, 313-314 
Transurethral incision of the prostate (TUIP), 359 
Transurethral prostatectomy (TURP), 359, 504-505 
Transurethral resection of the ejaculatory ducts (TURED), 213 
Transurethral resection, 378-379 
Trauma, 146, 322 
Trichomonas vaginalis, 198 
Tripterygium wilfordii, 353 
Tubercle, 9 
Tubular sclerosis, 290-291 
Tubules 
types, 71 
Tumors, 175, 521-522 
tumor, nodes, metastases (TNM) method, 509 
Tunica albuginea, 9, 14 
Tunica vaginalis, 14 
Two-seed theory of human reproduction, 4 
Two-stitch variation of the intussusception technique, 402 


ltrasound, 314 

ndescended testes (UDT), 380-381 
location of, 163 

nilateral biopsy, 266 

nivariate LH analysis, 44 

rethra, 9 

urethral (spongiosal) artery, 10 
urethral bulb, 10 

rethritis, 198 

rinary tract infections (UTIs), 198 
sher’s syndrome, 306 
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Vanishing testes syndrome’, 177 
Varicocele, 320-321 
adolescent, 190 
Varicocelectomy, 368-370 
complications, 370 
correction of right-sided varicoceles is, 368 
laparoscopic approaches, 368 
oldest technique for, 188 
optimal surgical approach to, 369 
technique, 369-370 
blunt dissection, 369 
Penrose-covered tongue blade, 369 
transvenous balloon embolization, 368 
Varicoceles, male, 183-191 
adolescent varicocele, 190 
anatomy and pathophysiology, 183-185 
anatomic etiology, 183-184 
collateral venous anastomoses, 184 
incompetent valves, 184 
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[Varicoceles, male 
anatomy and pathophysiology 
anatomic etiology] 
increased venous pressure, 184 
classification, 185 
complications of, 188-189 
consequence of, 186-187 
pathologic and endocrine changes, 187 
semen analysis, 186-187 
definition/prevalence, 183 
diagnosis and consequence of, 185-187 
diagnosis, 185-186 
physical examination, 185 
thermography, scintigraphy, and MRI, 186 
ultrasonography, 185-186 
venography, 186 
pathophysiologic mechanisms, 184-185 
bilateral dysfunction, 184 
gonadotoxins, 185 
hypoxia, 185 
reflux of vasoactive metabolites, 184-185 
repair, effect of, 189-190 
fertility, 189-190 
semen parameters and testicle growth, 189 
treatment, 187-190 
predictive factors, 187 
treatment options, 187-188 
Vas deferens, 17, 315, 322-323 
Vasal aspiration, 469 


Vasal occlusion and vasectomy failure, methods of, 387-388 


Vascular supply, 72 
Vasculature, 10-13 
Vasectomy, 385-390 
complications of, 389 
hematoma and infection, 389 
sperm granuloma, 389 
conventional incisional techniques, 385 
incisional technique of accessing the vas, 386 
local anesthesia for, 385 
long-term effects of, 389-390 
no-scalpel vasectomy, 385-387 
occlusion, preferred methods of, 388 
postoperative semen analysis, 388 
ring-tipped vas deferens fixation clamp, 386 
three-finger technique, 386 
vas fixed in the ring clamp, 387 
vasal nerve block away from the vasectomy site, 386 


vasal occlusion and vasectomy failure, methods of, 387-388 


vasectomy reversal and, 385-403 
vasectomy reversal, 370-373 
microsurgical vasoepididymostomy, 372-373, see also 
separate entry 
technique for, 371 
vasovasostomy, 371-372 
Vasoepididymostomy, 373, 397-403 
classic end-to-side technique, 399 
end-to-side intussusception technique, 399-401 
end-to-side techniques of, 398 
end-to-side vasoepididymostomy, preparation for, 399 
indications, 398 
intussusception end-side vasoepididymostomy, 400 
long-term follow-up evaluation and results, 403 
microsurgical end-to-side vasoepididymostomy, 398-399 


[Vasoepididymostomy] 
microsurgical vasoepididymostomy, end-to-end 
anastomosis, 402 


technique when vasal length is severely compromised, 402-403 


triangulation technique, 399 


two-stitch variation of the intussusception technique, 402 


Vasography, 367-368 
technique, 367-368 
Vasovasostomy, 371-372, 390-397 
anastomotic techniques, 393-394 
accurate mucosa-to-mucosa approximation, 393 
good atraumatic anastomotic technique, 394 
good blood supply, 394 
healthy mucosa and muscularis, 394 
leakproof anastomosis, 393 
tension-free anastomosis, 394 
anesthesia, 390-391 
convoluted vas, anastomosis in, 396 
crossed vasovasostomy, 396 
obstruction or aplasia of the inguinal vas, 396 
technique, 396 
transeptal crossed vasovasostomy, 396 
unilateral inguinal obstruction, 396 
laboratory tests, 390 
preoperative semen analysis, 390 
prostate-specific antigen (PSA), 390 
serum and antisperm antibody studies, 390 
serum follicle-stimulating hormone (FSH), 390 
long-term follow-up evaluation after 
vasovasostomy, 397 
microsurgical multilayer microdot method, 394-396 
multiple vasal obstructions, 393 
physical examination, 390 
epididymis, 390 
hydrocele, 390 
scars from previous surgery, 390 
sperm granuloma, 390 
testis, 390 
vasal gap, 390 
postoperative complications, 397 
postoperative management, 397 
preoperative evaluation, 390 
surgical approaches, 391 
inguinal incision, 391 
scrotal incisions, 391 
surgical set-up, vosovasostomy, 394 
testis, transposition of, 397 
vasa, preparation of, 391-392 
vasal fluid, examination of, 392-393 
wound closure, 397 
Venesection, 223 
Venturi effect, 184 
Vertical transmission, 206-207 
with zidovudine (AZT), prevention of, 206-207 
Vinblastine, doxorubicin, prednisolone, vincristine, 
cyclophosphamide, and bleomycin 
(VACOPB), 236 
Virilizing adrenal tumors, 178-179 
Vitamin A 
deficiency consequences, 252 
Vitamin E 
deficiency consequences, 252 
Von Baer, Karl Ernst, 5 


Weibull distribution, 42 

Werner, AA, 93 

White blood cells (WBCs), 200 

Window technique, 286-287, 366 

Wolffian (mesonephric) duct, 14, 302, 315, 323 
Woman’s role, in conception, 4-5 

Working memory, 117 

Wound closure, 397 


XX males, 145 
XX/XO individuals, 145 
XYY syndrome, 145 
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Y-chromosome microdeletions, 302-304 
Young’s syndrome, 76, 264 


Zinc, 84 
deficiency, 225 
consequences, 252 
Zona drilling, 432-433 
Zona pellucida dissection, 432-433 
Zona-opening procedures 
limitations of, 433 
Zona pellucida-induced acrosome reaction 
(ZPIAR) test, 274 
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